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By most North American physicians sprue has always been con- 
sidered as a specific tropical disease, endemic and rarely, ii ever, 
encountered among natives of temperate climates. It was described 
first by Hillary, from the Barbadoes, in 1766, and the subsequent 
writings of many authors have served to establish the habitat of the 
disease in the tropics. The idea that sprue, or a condition closely resem- 
bling it, might occur in nontropical climates is of rather recent origin. 
From a historical standpoint it is interesting to note that Vincent 
Ketelaer published an account of a disease resembling sprue, under the 
title “De aphthis nostratibus, seu Belgarum Sprouw,” in 1699, which 
antedated the description by Hillary. As may be inferred from the title, 
the cases described were apparently instances of an endemic disease 
and were encountered in Belgium. Gee* (1888) was the first modern 
commentator on spruelike diseases in nontropical environments. He 
described the condition as the “coeliac affection’’ and noted that it 
afflicted adults who had never left England. Herter* rediscovered 
Gee’s disease in 1908 and made the first metabolic studies of it. One 
vear later Huebner* made a somewhat similar report in Germany. 
During the present century an increasing number of reports of sprue- 
like diseases occurring in nontropical climates have appeared in the 
literature. Wood*® (1915) was one of the first to call attention to 
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the reports of the disease in the United States. He cited a number o; 
reports from the American literature, including that of Simon ® of New 
Orleans. Since then numerous accounts of nontropical sprue haye 
appeared, both from this country and from Northern Europe, and 
several writers, notably Simon,’ have commented on the frequency with 
which the disease is encountered in the southern part of the United 
States. Thaysen * (1932) mentioned thirty-four cases, including a nuni- 
ber that had not been noted previously. Mackie® (1933) collected 
reports of seventy-one cases from the literature and added a report 
of a carefully studied case of his own. His review included reports of 
several cases which previously had been collected by Thaysen and others 
which admittedly were of doubtful authenticity. Bennett, Hunter and 
Vaughan '° (1932) made an exhaustive report on a series of fifteen cases 
which they had studied personally and collected reports of a number of 
additional cases from the literature. Numerous additional cases have 
been cited from the literature in previous reports from the Mayo Clinic.’ 
It would appear from the references which have been mentioned and 
from more recent reports '* that a disease resembling sprue is being 
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recognized with increasing frequency in nontropical climates ; it is prob- 
able that considerably more than a hundred cases are now on record. 
There has been no uniformity in the nomenclature used in describing 
the disease, and it has been described variously as nontropical sprue, 
idiopathic steatorrhea, adult celiac disease, intestinal lipodystrophy, Gee- 
Herter’s disease and so forth. 

I have had an opportunity to observe ten cases personally at the 
Mayo Clinic since 1927; these constitute the basis for this report. 
During this period a number of other cases of similar conditions have 
been observed at the clinic; these are not included either because of the 
lack of essential diagnostic data or because of an insufficient period of 
observation. ‘The ten cases are reported not only to call attention to 


the frequency with which spruelike disease is being encountered in non- 
tropical climates but also because of the relation of this condition to the 
deficiency diseases and particularly because of the light cast on the patho- 
logic physiology of the small bowel in this disorder. The nontropical 


environment of the patients is worthy of mention. Nine of these patients 
came from the North Central States; one was from Texas. Two of 
the patients had been born in Northern Europe but had spent their adult 
lives in the United States. Five were women, and five were men. 
Their ages varied from 26 to 51 years, and the duration of symptoms 
varied from nine months to thirty years. In at least eight of the cases 
the condition was of a very chronic nature, symptoms having been in 
evidence for five or more years. 

The principal clinical features of the disease as encountered in this 
series were: (1) steatorrhea, with or without diarrhea, (2) gastro- 
intestinal disturbances, (3) loss of weight and muscular wasting, (4) 
defective metabolism of calcium and phosphorus, leading in certain 
cases to tetany and osteoporosis, (5) physical stunting or rachitic stig- 
mas and (6) anemia of various types and of various degrees of severity. 
Among the most remarkable features of the disease are the variability 
of the clinical picture and the tendency to remission and relapse. If one 
may judge from the literature, tropical sprue is fairly uniform in its 
manifestations, but this cannot be said of the so-called nontropical 
variety. Most of the literature on the subject of nontropical sprue 
consists of reports of one or two cases, and in a majority of these the 
attention of the author has been attracted to the most prominent indi- 
vidual clinical feature. This varies greatly in different cases and at 
different stages of the disease. As a result, the available descriptions 
of the disease are somewhat reminiscent of the well known descrip- 
tion of the elephant by the group of blind men. In some cases the 
hematologic feature has apparently dominated the picture; in others the 
prominent feature has been the tetany, and in still other instances 
the gastro-intestinal disturbances have been particularly conspicuous. 
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The presenting symptoms in this series of cases are of interest in this 
connection. Weakness was mentioned eight times; it raiged from easy 
fatigability to actual adynamia. Diarrhea was mentioned an equal num- 
ber of times. It varied in severity, in some cases there being two or 
three stools a day while in others defecation occurred “hourly.” Four 
patients complained principally of tetany. Abdominal cramps and flatu- 
lent indigestion were the principal symptom in six cases. Four of the 
five women had amenorrhea; the fifth had passed the menopause. 

The physical findings were equally variable. Physical stunting was 
a striking feature in five cases. Deformities of the bones, either rachitic 
or secondary to osteomalacia, were noted in three cases. All patients 
gave evidence of extreme loss of weight and of muscular wasting, 
which contrasted strongly with the flatulence and distention of the abdo- 
men characteristic of the disease. Glossitis, with local areas of mod- 
erate atrophy of the tongue, was noted in six cases. Six patients had 
peripheral edema, and in three of the cases this feature was particularly 
conspicuous. Signs of latent or active tetany were also noted in six 
cases. One patient, who had the most marked changes of the bones of 
any in the group, had a cutaneous lesion strongly resembling pellagra ; 
another had a dermatologic picture suggestive of acanthosis nigricans. 
Two patients had definite neurologic signs of subacute combined scle- 
rosis of the spinal cord, and one of these also had definite peripheral 
neuritis. 

To summarize, the striking symptoms were fatty diarrhea, with 
associated gastro-intestinal disturbances, weakness, pallor, loss of weight 
and evidence of defective calcium metabolism. The most characteristic 
physical signs were emaciation, muscular wasting, meteorism, cutaneous 
lesions, edema and tetany. Tables 1 and 2 give the significant features 
of each case. Seven of the cases have been reported previously, and 
the reader is referred to the original descriptions for complete details. 
The eighth case was reported separately by Weir and Adams; '* cases 
9 and 10 have not previously been reported. The laboratory findings 
in this group of cases deserve special mention. 


SPECIAL EXAMINATIONS 


Blood.—Bennett *° and his collaborators described three types of 
anemia associated with nontropical sprue: (1) the hypochromic or secon- 
dary type, (2) a hyperchromic type, in which the morphologic features 
of the formed elements of the blood are very closely related to those 
which are present in pernicious anemia, and (3) an erythroblastic type 
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resembling von Jaksch’s disease. Thaysen'** emphasized the fact that 
the hematologic picture in any given case may not be constant and that 
changes from hypochromic to hyperchromic anemia may occur. He dis- 
covered that this was particularly true in cases in which the patient 
had undergone treatment. Five of this series of patients presented a 
hematologic picture closely related to and practically indistinguishable 
from that of primary anemia. Macrocytosis was a striking feature. 
The individual cells varied somewhat in their staining properties, how- 
ever, and the changes in the leukocytes were not as definite as were 
those usually seen in primary anemia. Three patients had a hypo- 
chromic type of anemia; in two cases the blood smears were not studied 
sufficiently to permit accurate classification. In one of the latter cases 
(case 2) the volume index was 0.88, probably representing a secondary 
type of anemia. In the other case (case 3), the volume index was 1.03, 
which makes it seem likely that this case was an instance of hyper- 
chromic anemia. One patient (case 9) had definite eosinophilia. The 
morphologic features of the formed elements of the blood in this series 
of cases parallels closely those observed by Fairley and his associates 
in cases of tropical sprue. As will be disclosed later, there is good 
reason to believe that the anemia in this series of cases, although vari- 
able and not as marked as the usual form of primary anemia, is essen- 
tially a symptom of a deficiency disease and is most probably the result 
of deficient absorption of essential hematopoietic substances in the small 
intestine. 

Gastric Acids.—Free hydrochloric acid was present in the gastric 
contents at one time or another in every case. In case 3 the patient had 
been examined at the clinic before her acute illness, and the value for 
the gastric acids were found to be 20 for free hydrochloric acid and 
32 for total acidity after an Ewald test meal (Topfer’s method). During 
an acute exacerbation no free hydrochloric acid could be demonstrated, 
but stimulation with histamine was not employed to prove whether 
there was true achlorhydria. In case 4 the patient presented herself 
at the clinic originally with an active duodenal ulcer, and the values 
for gastric acids were found to be 48 for free hydrochloric acid and 
62 for total acidity after an Ewald test meal (Topfer’s method). Sev- 
eral weeks after gastro-enterostomy had been performed and during 
an acute exacerbation of the diarrhea, complete anacidity was noted, 
which persisted even after stimulation with histamine. In case 5 the 
patient originally had anacidity after an Ewald test meal, and at a some- 
what later date the maximal values for gastric acids were 42 for free 
hydrochloric acid and 56 for total acidity (Topfer’s method) after 
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stimulation with histamine. In case 9 also the patient had anacidity 
after an Ewald test meal, and the maximal values for gastric acids 
later were 36 for free hydrochloric acid and 46 for total acidity (Top- 
ter’s method) after stimulation with histamine. There was some evi- 
dence to suggest a reduction in the concentration of free hydrochloric 
acid in the gastric juice during acute exacerbations and restoration of 
normal values during remissions. The gastric secretions in this series 
of cases had about the same features as have been described in reports 
of cases of tropical sprue. 

Stools—The stools were as a rule pale, voluminous, foul and 
obviously fatty and resembled those characteristic of the tropical 
variety of the disease, except that they were seldom foamy. They 
varied somewhat in frequency and volume in the individual cases and 
in the same case at different stages of the disease, but during periods 
of active diarrhea their appearance was fairly constant. Microscopic 
examination of stained specimens demonstrated the presence of oil or 
fat in excess. This feature of the disease has been carefully studied 
by Thaysen* and by Bennett and his collaborators, who demonstrated 
a high total percentage of fat, chiefly split or neutralized. In cases 
personally studied by Thaysen, the output of fat for twenty-four hours 
varied from 15.9 to 66.7 Gm., the average being about three times the 
normal excretion of fat. He also noted that about a third of the total 
amount of fat ingested was lost in the stools. Foamy stools, such as 
have been described in reports of cases of tropical sprue, were not a 
striking feature in any case in the present series. The total amount 
of fat in the stool was studied under controlled conditions in only one 
case, since it was felt that variations in the intake and excretion of 
fat under ordinary conditions probably rendered the fractional 
determination of the amounts of fats, soaps and fatty acids of the 
individual stools valueless. A more detailed consideration of the utili- 
zation of fat in one case, in which the patient was undergoing treat- 
ment, will appear later. 

Blood Calcium and Phosphorus.—The metabolism of calcium and 
phosphorus in the disease has been studied in detail by Aub and his 
associates ‘° and by Bauer and Marble.’® The concentrations of calcium 
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Thyroid, J. Clin. Investigation 11:211 (Jan.) 1932. 

16. Bauer, Walter, and Marble, Alexander: Studies on the Mode of Action 
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and phosphorus in the serum are, in most instances, reduced. According 
to these authors, the urinary excretion of calcium is low but the fecal 
excretion of calcium is increased; they also reported a marked increase 
in the urinary excretion of phosphorus. The range of values for cal- 
cium and phosphorus in the blood serum of the individual patients in 
this series is given in table 2. Large variations were observed, depend- 
ing on the stage of the disease and the severity of the diarrhea. During 
periods when the diarrhea was severe it was noted not only that there 
was a rapid decrease in the amount of calcium in the blood serum but 
that elevation in the level of calcium in the serum could be obtained 
only with difficulty, even by the use of parathyroid extract. This was 
particularly striking in case 3. During periods of improvement, when 
the diarrhea was under control, values for calcium and phosphorus in 
the serum tended to increase slowly; however, normal values were 
rarely obtained except during prolonged remissions. 

These changes in the metabolism of calcium and phosphorus were 
obviously reflected in the clinical condition of the patient. During 
periods of acute loss of calcium, tetany, either active or latent, was a 
common feature. In case 2, latent tetany, with a reduction in the 
amount of calcium in the serum, persisted in spite of the employment 
of parathyroid extract and the administration of large amounts of cal- 
cium salts by mouth. In this particular case, however, the skeletal 
depletion of calcium was so great that little help could have been 
expected from any source. In case 4 the administration of parathyroid 
extract was of great value in controlling severe, active tetany, but the 
response to this preparation was less prompt than is usual, principally 
because of rather active diarrhea, with presumable loss of calcium from 
the organism. 

In one case roentgenologic examinations of the long bones disclosed 
marked osteomalacia (case 2), with deformities of the pelvis and the 
long bones and pseudofractures. In two other cases (cases 6 and 8) 
definite osteoporosis was noted. In the whole group the skeletal changes 
were distinctly less prominent than they were in the cases reported by 
Bennett ?° and his collaborators. In this connection, it is of interest 
to note that tetany is uncommon in cases of tropical sprue, although 
low levels for calcium and phosphorus in the serum are the rule. 
Osteoporosis and osteomalacia are apparently even less frequently 
encountered. 


Roentgenologic Examination of the Small Intestine —Roentgenologic 
examination of the small intestine was performed in seven of the ten 
cases under consideration. The findings have been reported separately 
by Camp" and have been touched upon briefly in an earlier paper.?'* 
My attention was attracted to the possible diagnostic value of such 
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examinations by the few records of necropsy in cases of this disease. 
In each of seven cases in which postmortem studies have been reporte:| 
various degrees of atrophy and dilatation of the intestine were noted. 
It was therefore not particularly surprising that in seven of the cases 
studied by my associates and me some roentgenologic evidence oi 
involvement of the small intestine was noted. Mackie ® has also studied 
independently this aspect of the disease and reported similar roentgeno- 
logic findings. 

The characteristic findings, as reported by Camp and me ™* before 
the Minnesota Society of Internal Medicine (May 1933), are delayed 
motility and alterations in the mucosal relief of the small intestine, 
especially the jejunum, consisting of smoothing of the contours of the 
lumen, obliteration of the usual markings of the valvulae conniventes 
and clumping of the barium sulfate in elongated masses. The roent- 
genologic findings suggested the presence of edema of the mucosa and 
infiltration of the walls, involving especially the jejunum and the ileum 
and occasionally the duodenum and the colon. A moderate degree oi 
megacolon was observed in two cases, and in two instances the gen- 
eral roentgenologic appearance of the colon suggested that which is 
seen in cases of ulcerative colitis; reexamination, however, eliminated 
this condition from consideration. It was interesting to note that in 
two cases in which there was an opportunity for repeated examina- 
tion the roentgenologic evidence of disease in the small intestine became 
progressively less as the patient improved. In case 10 the gastro- 
intestinal symptoms were not pronounced at the time of examination 
and a moderate degree of involvement of the ileum was noted. It is not 
believed that these findings are necessarily specific for nontropical sprue, 
since they may be present in varying degrees in association with other 
conditions of the intestinal tract and, in fact, have been noted in cases 
of pancreatic carcinoma. Their presence, however, constitutes tangible 
evidence of significant changes in the small intestine, which correspond 
grossly to the changes which have been noted at necropsy in cases of 
this disease. 

Miscellaneous Findings.—Fairley commented on the fact that the 
bilirubin content of the serum is normal in patients with tropical sprue 
and that this finding serves in part to distinguish the condition from 
primary anemia. In two cases in this series the amount of bilirubin in 
the blood serum was within normal limits and the result of the van den 
Bergh test was indirect. A low value for the cholesterol in the plasma 
was also mentioned by Fairley as a significant laboratory finding in 
cases of tropical sprue. In four cases in this series mild hypocholes- 
teremia was noted (table 2). An attempt was made to study duodenal 
ferments in three cases, but on account of the poor condition of the 
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patient the results were entirely unsatisfactory in two of them. The 
results in one case (case 8) are noted in table 3. These figures, of 
course, indicate normal activity of lipase. Values for trypsin were 
normal or slightly reduced; those for amylase were definitely sub- 
normal and perhaps correspond to the moderate intolerance for carbo- 
hydrate which may be a rather definite clinical feature of this disorder. 

As has been mentioned, edema was a rather striking feature in sev- 
eral of these cases. It may be assumed that it was of nutritional origin 
and essentially identical with “hunger edema.” The serum proteins 
were studied in the five cases under discussion, and it was noted that 
in each instance the content was definitely reduced, the average value 
lying at or near 5 Gm. for each hundred cubic centimeters of serum, 
the so-called “edema level.” In some instances a gradual decrease in the 
amount of serum protein was noted during exacerbations of the diarrhea 
and a slow increase was present during remissions. 


Tas_eE 3.—Duodenal Ferments in a Case of Nontropical Sprue 


Lipase 
Ethyl! Butyrate Olive Oil 
Trypsin, Amylase, Substrate, Substrate, 
Date, 1934 Units Units Ce. Ce. 


Less than 0.5 Less than 2 
Less than 1.5 
oeee 2.0, 2.3 12.4, 13.6 


DIAGNOSIS 

The clinical recognition of fully developed nontropical sprue should 
not be difficult if the condition is borne in mind. The combination oi 
chronic steatorrhea, marked nutritional disturbances, anemia and dis- 
turbance of the metabolism of calcium should lead to a diagnosis in a 
majority of cases. Confirmatory evidence may be obtained by studies 
of the fat content of the stools, of the morphology of the formed 
elements of the blood, of gastric secretion and of the roentgenologic 
appearance of the jejunum and ileum. Pancreatic neoplasm, tuberculous 
enteritis and lymphadenitis and regional nonspecific ileitis must, of 
course, be excluded. 

A demonstration of some morphologic or functional change in the 
small intestine is of considerable importance, since the underlying etio- 
logic factor which appears to explain, tentatively at least, all the hetero- 
geneous signs and symptoms of the disease is a failure of the normal 
absorptive functions of the intestine. As Fairley ** said of sprue, this 


17. Fairley, N. H.: Megalocytic Anaemia in the Tropics, with Special Refer- 
ence to Sprue, Proc. Roy. Soc. Med. 25:1708 (Sept.) 1932. 
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is essentially a gastro-intestinal malady. The examination of the reports 
of cases which have appeared in the literature and of the records of the 
cases in this series seems to point to the existence of three types of 
the condition: (1) that which is characterized by marked anemia, chiefly 
of the hyperchromic variety, glossitis, moderate digestive symptoms and 
minimum changes in the metabolism of calcium and phosphorus, (2) 
that in which there are marked steatorrhea, tetany (active or latent) 
and depletion of the skeletal calcium of greater or lesser degree and 
(3) a combination type, in which the principal features of the first two 
types are associated. Of this series of ten cases, cases 7, 9 and 10 
may be classified as instances of the first type (the condition in these 
cases corresponds closely with that in the group described by Reed 
and Ash? as instances of “atypical sprue”). In cases 1 to 6, inclusive, 
the disease was characteristic of the second type, and case 8 was an 
instance of the third type. It is difficult to escape the conclusion that 
there must be a considerable variability in intestinal absorption in these 
three types ; the patients who have the most marked hematologic changes 
are particularly handicapped in their ability to utilize essential hema- 
topoietic substance, and those with the second type are unable to absorb 
fat, calcium or vitamin D. It has not been possible to connect these 
variations with the involvement of any particular segment of the 
intestine ; probably the differences in absorption are the result of func- 
tional rather than of anatomic variations. All the three types mentioned 
will be verified or disproved as additional cases are observed and 
reported ; the distinction mentioned may be purely artificial and of no 
special significance. Studies on calcium and phosphorus balance during 
a period of therapy directed primarily toward the hematologic features 
in a case in which the patient has calcium deficiency and tetany should 
cast some light on this point. 


PATHOGENESIS 


Much has been written of the nature of both the tropical and the 
nontropical variety of sprue, and numerous hypotheses of etiology 
have been advanced. The evidence in favor of each of these was dis- 
cussed by Thaysen in his recent monograph and also by Bennett and 
his collaborators. It has been suggested that the condition is a specific 
and perhaps an infectious type of disease of the small intestine, with 
secondary deficiencies in the absorption of fats, proteins, minerals, 
vitamins D and B, and certain substances essential to hematopoiesis. 
However, pathologic, bacteriologic or mycologic evidence to support 
the idea of a specific intestinal disease has not been forthcoming. The 
lesions that have been observed at necropsy suggest a degenerative 
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rather than an infectious process,'* and the theory advanced by Ash- 
ford,*° that infestation with Monilia is responsible, has been largely 
discarded. 

A second theory holds that sprue is essentially a deficiency disease 
in the same sense as is pernicious anemia, the lesions observed in the 
small intestine being regarded in about the same light as is atrophic 
gastritis in the latter disease. In favor of this theory, the recently 
published studies of Rhoads and Miller *! may be emphasized. These 
authors expressed the opinion that clinical sprue may arise in three 
ways: (1) by dietary deficiency of the extrinsic factor, (2) by lack 
of the same gastric enzyme that is absent in pernicious anemia and 
(3) by inability to absorb the product of interaction of the first two. 
It is assumed that differences in the relative importance of each factor 
may be responsible for variations in the clinical picture. These investi- 
gators feel that on this basis it is advisable to administer the product 
of the interaction of the gastric enzyme and the dietary factor (i. e., liver 
extract) in sufficient amounts to produce a remission. Their results 
following the administration of massive doses of liver extract 
parenterally in cases of tropical sprue certainly add much weight to this 
theory, and my experiences with parenteral liver therapy in this series 
of cases of the nontropical disease are confirmatory. Rhoads and 
Miller felt, as did Baumgartner and Case,** that the effects of dietary 
treatment are entirely a matter of supplying large amounts of water- 


soluble vitamin. The experimental study of Miller and Rhoads ** is of 
interest in this connection; they produced in experimental animals a 
syndrome similar to sprue by the use of a diet deficient in vitamin B,. 
In their animals there developed stomatitis, vomiting and diarrhea, 
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with yellow, semisolid stools, marked loss of weight and anemia. It is 
also interesting to note that the anemia of sprue is relieved by yeast 
extracts, whereas primary anemia is unaffected by this treatment. 

A third conception of the disease, which is perhaps more useful to 
physicians practicing in nontropical climates, is that the syndrome of 
sprue may not necessarily constitute a specific entity but may be produced 
by various diseases of the small intestine, by various deficiency states 
or by any condition which seriously interferes with absorption from the 
upper part of the intestinal tract. Fairley and Kilner ** have demon- 
strated that gastrojejunocolic fistula can produce symptoms closely 
comparable to those of sprue. We have recently observed a patient 
with carcinoma of the pancreas who presented many of the signs and 
symptoms of the syndrome of sprue, even to the roentgenologic evidence 
of involvement of the small intestine. Holst ** and Brems ** recently 
cited similar cases, and Greenberg ** reported experiments with animals 
which indicate that the symptoms of celiac disease may be reproduced 
in part by excluding the external pancreatic secretions from the intestines 
of small animals. 

For obvious reasons, it is impossible at this time to give a final 
statement as to the exact nature of nontropical sprue. The evidence 
in favor of a deficiency state is very strong and constitutes the best 
single explanation for the etiology of both the tropical and the non- 
tropical form of the disease. Whether this deficiency is a primary or 
a secondary condition is as yet uncertain. Until further information in 
regard to the functional and anatomic disturbances of the small intestine 
in both conditions becomes available, the interrelation of the non- 
tropical and tropical varieties of this syndrome will remain an unsettled 
problem. 

Thaysen,'*° who, because of his extensive studies in this field, may 
be regarded as an authority, expressed the opinion that celiac disease in 
children, tropical sprue and the nontropical variety of sprue are closely 
related, if not identical, and suggested grouping them under the head 
of “the coeliac affection.” Further studies should serve to clarify the 
subject and may bring into relation with the “coeliac affection” some 
of the digestive deficiency syndromes, which are little understood, 
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certain obscure types of anemia and conditions associated with abnormal- 
ities of the metabolism of calcium and phosphorus. 


TREAT MENT 


As is usual in connection with diseases subject to spontaneous 
remissions, a large number of therapeutic measures, dietary and other- 
wise, have been recommended for both tropical and nontropical sprue. 
Since the basic difficulty seems to be primarily a matter of deficient 
utilization of fat, minerals, vitamins and other essential elements of 
diet from the small intestine, it appears that measures directed toward 
the digestive phases of the disorder are of some importance. As 
Thaysen* pointed out, three different dietetic programs have been 
recommended, each of which is based on a preponderant use of one 
of the food elements and each of which has apparently given good 
results in the hands of certain investigators. Among the diets recom- 
mended are the following: (1) a puréed diet of varying composition, 
(2) a diet that is high in fats and low in protein and (3) a fruit diet, 
particularly one composed chiefly of bananas. These diets have been 
designed to spare the intestinal tract so far as is possible during acute 
exacerbations of the disease. In the majority of cases of this series there 
was a definite intolerance to fat, and diets which contained a large 
amount of fat usually increased the diarrhea and other gastro-intestinal 
symptoms. The graduated type of diet, which is high in protein and 
iow in fat, as advised by Fairley,?* has been satisfactory in clinical 
use, but it is not apparent that the ability of the patient to absorb fat 
has been greatly increased by the use of such diets. 

The administration of calcium in some form is obviously indicated 
especially in those cases in which the values for calcium in the serum 
are reduced and in which there are tetany and osteoporosis. The admin- 
istration of vitamin D in some form, preferably viosterol, appears to 
facilitate greatly the absorption of calcium. Investigators °° have demon- 
strated a definite storage of calcium and phosphorus when viosterol 
was administered, and Linder and Harris *° claimed that no special 
dietary regulation is necessary if vitamin D is administered in sufficient 
quantity. This certainly does not apply to all cases, but it may be true 
in those in which deficiency of calcium dominates the picture. Parathy- 
roid extract has been used by a number of investigators in the treat- 
ment of this disease. As has been previously disclosed, it does not 
produce a significant elevation of the amount of calcium in the blood 
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serum in the presence of marked osteoporosis or during exacerbations 
of the disease, when the diarrheal symptoms are severe. It is perhaps 
best to confine its administration to patients who have severe tetany 
(chart 1), and the treatment should be discontinued as soon as the 
convulsive seizures are under control. To continue its administration 
over longer periods invites further depletion of the calcium that is 
stored in the skeleton. 

Castle and Rhoads *! discovered that liver extract usually induces 
prompt remission of tropical sprue. The hyperchromic variety of anemia 
associated with the nontropical types of the disease appears to respond 
in a specific manner to the administration of liver extract, especially 
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« Chart 1—Calcium and phosphorus content of the blood in a case of nontropical 
sprue in which there was tetany. The amounts of calcium are indicated by the 
solid line with solid dots. The amounts of phosphorus are indicated by the open 
circles. The shaded blocks indicate the periods during which parathyroid extract 
was administered, the number of units given daily being indicated by the figures. 


if it is administered parenterally; the glossitis, the gastro-intestinal 
symptoms and the systemic manifestations of the disease are also favor- 
ably affected. Porter and Rucker ** reported good results in their 
cases from the use of liver extract without dietary or other treatment. 
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In cases of the more severe type the parenteral method of administra- 
tion seems preferable because of the fact that absorption in the intestinal 
tract may be retarded. In cases 7, 8, 9 and 10 in this series the patient 
responded satisfactorily to the parenteral administration of liver extract, 
and in case 5 the patient was much benefited by the oral administration. 
A number of other patients in the series have taken liver extract by 
mouth in small and perhaps insignificant quantities and have also 
had various amounts of cooked liver in the diet, with indifferent 
therapeutic results. Thaysen pointed out that the hyperchromic type 
of anemia may change to the hypochromic or secondary variety under 
treatment and also commented on the fact that the latter variety of 
anemia may persist even after liver therapy. In such cases, iron in 
some form has been used to good effect. Castle and Rhoads made a 
somewhat similar observation in cases of tropical sprue. Marmite, a 
hydrolized yeast extract, has also been recommended enthusiastically 
by certain investigators,** the effects obtained being undoubtedly the 
result of the vitamin B, that it contains. Those who have had large 
experience with liver treatment are inclined to feel that it constitutes 
almost a specific remedy for the tropical variety of sprue, if used in 
adequate dosage, and feel that there is little necessity for dietary treat- 
ment if adequate liver therapy is employed. My own experience has not 
been sufficient to warrant an opinion, but in general it seems that some 
type of dietary regulation and the administration of calcium salts and 
viosterol is necessary, because of the disturbed absorption of calcium, 
which has been such a conspicuous feature in certain cases, and also 
because of the marked digestive symptoms. 

Perhaps the best illustration of the effect of treatment in this series 
was encountered in case 8: 


A man aged 26 came to the clinic because of chronic diarrhea, glossitis, weak- 
ness, paresthesia of the extremities and edema. Physical examination disclosed 
muscular wasting, meteorism, pallor, edema and subacute combined sclerosis of 
the spinal cord. The significant laboratory findings included a hyperchromic variety 
of anemia, a reduction of the amount of protein, calcium and phosphorus in the 
blood serum and definitely fatty stools. 

The patient was intelligent and cooperative and readily agreed to become the 
subject of a metabolism study to determine his ability to utilize fat and nitrogen. 
He was given a daily diet composed of 80 Gm. of protein, 44 Gm. of fat and 
sufficient carbohydrate to furnish an energy value of approximately 1,800 calories. 
The stools and urine were collected in the usual manner; the nitrogen balance 
was determined, and the amount of fat excreted was compared with intake of 
fat. Liver extract was given parenterally in doses of 3 cc. on each of four 
successive days. During the first two four day periods of observation the nitrogen 
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balance was strongly positive, about 3.5 Gm. of nitrogen being stored daily. An 
average of about 12 Gm. of fat was lost daily, but more than: 30 Gm. of fat 
was utilized. During the third four day period viosterol and calcium lactate 
were also administered, but the absorption of fat was not affected significantly. 
The nitrogen balance remained positive, about 2.5 Gm. being retained daily in this 
period. During the fourth period of four days, he was given a daily diet which 
consisted of 101 Gm. of protein, 50 Gm. of fat and sufficient carbohydrate to fur- 
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Chart 3—Changes in the percentage of reticulocytes and in the number of red 
blood cells presumably occurring as a result of the administration of liver extract. 


nish approximately 2,080 calories. The positive nitrogen balance increased to an 
average of 3.7 Gm. daily, but no more fat was utilized, practically all the added 
fat being eliminated in the feces. The fifth period was marked by a transient 
gastro-intestinal disturbance, which was characterized by nausea, vomiting and 
some diarrhea. As a result of this, the positive nitrogen balance fell to 0.7 
Gm. daily and the absorption of fat was moderately reduced. During the sixth 
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period, the diet was as follows: protein 122 Gm., fat 70 Gm. and sufficient carbo- 
hydrate to furnish approximately 2,646 calories. Calcium lactate and viosterol 
were given as before. During this period the positive nitrogen balance reached 
the high figure of 4.6 Gm. daily and the utilization of fat averaged 41 Gm. a 
day. Marked improvement took place during this entire period, and the diet was 
kept constant for about a month. The condition of the patient during this period 
was probably improved further by another series of three parenteral injections 
of 3 cc. of liver extract on successive days. The weight of the patient did not 
greatly increase at first, principally because of the fact that he lost a great deal 
of edema fluid during the later periods of the investigation. There was, how- 
ever, definite increase in the amounts of calcium and protein in the serum during 
the whole period. The retention and utilization of fat and nitrogen are illus- 
trated graphically in chart 2. The changes in the number of reticulocytes and 
erythrocytes, presumably occurring as a result of liver therapy, are shown in 
chart 3. The improvement in the hematologic condition corresponds grossly to 
that seen in pernicious anemia following the use of liver extract. Two months 
later the patient was still in good health, had gained considerable weight and 
was free from diarrhea. 


It should be stated parenthetically that the response to treatment 
is not always so prompt or so satisfactory ; the case reported by Mackie 
illustrates this point very well, and I have had similar difficulties, notably 
in case 7 of this series. As Rhoads and Miller indicated, there is 
probably a threshold which must be exceeded if liver therapy is to be 
effective. The best therapeutic results have been obtained in cases in 
which the patient was cooperative and willing to submit readily 
to changes in diet and medication and to tolerate a certain amount of 


discomfort from these sources. Complicating gastro-intestinal factors, 
such as gastro-enterostomy in case 4 of this series and duodenal 
stenosis in the case reported by Radl and Fallon,** also add to the 
lifficulties of treatment. As in cases of tropical sprue, there is a definite 
tendency to relapse, and it is well to remind the patient that immediate 
good results do not necessarily mean freedom from trouble in the future. 


PROGNOSIS 


The prognosis of nontropical sprue in the advanced stage depends 
on the degree of malnutrition existing at the time of its discovery, 
the thoroughness with which treatment can be carried out and the 
presence or absence of complicating disease. There have been three 
deaths in this series of ten cases: One patient (case 2) died of an 
intercurrent infection of the respiratory tract; another patient (case 7) 
died of a hemorrhagic disorder of unknown etiology, suggesting acute 
leukemia; the third (case 9) had an illness details of the terminal 
phase of which suggest an aplastic type of anemia. All these deaths 
occurred elsewhere than at the Mayo Clinic, and in no instance was 
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necropsy performed. Of the remaining seven patients, five are in good 
condition ; the other two were unable or unwilling to continue treatment 
and have passed from observation. In Bennett’s series of cases the 
prognosis as to life appeared to be good, but because of the extensive 
skeletal lesions (osteomalacia) in several of his cases, a return of the 
patient to normal health could hardly be expected. Injections of liver 
extract at intervals of from five to ten days may be required during 
the stationary periods of the disease, to insure against relapse. Chronic 
states of calcium deficiency likewise require continuous attention if 
relapse is to be avoided. 
SUMMARY 


A series of ten cases in which the clinical features of a syndrome 
resembling sprue were present is described. The condition so closely 
approximated the tropical variety of the disease that a close etiologic 
relation is suggested. In these and in other cases of such nontropical 
disease recorded in the literature, the disturbance in calcium metabolism 
(osteoporosis, tetany) was more pronounced than it has been in the 
reported cases of tropical sprue; the steatorrhea, the hematologic 
features and the evidence of a lesion of the small intestine were, how- 
ever, similar to those noted in true sprue. The response to liver therapy 
indicates a probable deficiency state similar to that which is present in 
persons with primary anemia, the clinical picture being complicated by 
a defective absorption of fat and minerals and probably of vitamin- 


containing components of the diet. 
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The considerable number of publications regarding total thyroidec- 
tomy for the relief of cardiac disease have thus far largely been con- 


cerned with the basic physiologic reasoning which indicates the 
desirability of the procedure, the historical background which has stead- 
ily linked together thyroid function and cardiac action, the technic of 
the surgical operation and the clinical benefit to patients on whom the 
procedure has been carried out. With the clinical reports have appeared 
such laboratory data as can be utilized to measure either the changed 
cardiac function or the altered thyroid function. 


Coincident with these primarily clinical studies, there have appeared 
in fragmentary form a few articles dealing with the altered mechanism 
of the body apart from the changes commonly conceived as dependent 


From the surgical laboratories of the Peter Bent Brigham Hospital and the 
Harvard Medical School. 
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on athyroidism and some physiologic experiments stimulated by tli 
clinical studies. It seemed to us that a grouping of all the data which 
have been compiled in the study of athyroid persons might be of general! 
value, though chiefly significant to those concentrating on endocrinology. 

It is true that when the work commenced our chief hope lay in bring- 
ing forward this new method of therapy, but we were also greatly 
concerned with possible undesirable sequelae, and therefore our pre- 
operative and postoperative studies were as complete as possible. At 
the same time that clinical and laboratory observations were made on 
the basal metabolic rate, the cholesterol level and the functional capacity 
of the heart before and after the operation, a great number of studies 
were made on the patients with the expectation that the removal of 
an important ductless gland might create changes which before operation 
we could not foresee. Thus we could imagine that the removal of a 
complete unit from the intricate composite interrelationship of the endo- 
crine system might well affect the functions of other glands than the 
one removed. Our intention is to record all our clinical and laboratory 
observations, more as a physiologic study than because of their bearing 
on cardiac disease. We shall not consider primarily the relief from 
pain in angina pectoris or the restoration of compensation in valvular 
or myocardial heart disease but shall present the scientific data as records 
of what happens in man under the alteration of physiologic processes 
imposed through total thyroidectomy. Since the observations in many 
instances were repeated at frequent intervals and in some cases extended 
over a year, we are able to present data on observations made before 
thyroidectomy and during myxedema and on the changes that followed 
the administration of thyroid extract. Some of these data will have 
practical clinical application; some of them are understandable in rela- 
tion to present-day endocrine knowledge, but some of them must be 
presented merely as scientific information, the explanation for which 
is still a mystery. 

THE MATERIAL 

The material for study included the cases of 22 patients with angina pectoris, 
15 with chronic valvular heart failure (including 1 with chronic myocarditis with 
failure) and 2 with diabetes mellitus, with gangrene of the lower extremity, on 
whom total thyroidectomy was performed. As in all clinical work, complete exam- 
ination could not be carried out on all the patients, since some could not, and a 
few were unwilling, to cooperate to the fullest extent. Others came to the hospital 
from outlying districts and did not return at the correct times for follow-up 
studies. Nevertheless, sufficient data were collected to permit us to report reliable 
conclusions. The cases used for this study are 39 of the 64 cases in which total 
thyroidectomy was performed at this hospital between December 1932 and 
December 1934. The data on the cases not utilized were insufficient or lacking in 
control information to be of value in this type of report. 

Observations were made on the basal metabolic rate, volume of blood flow 
vital capacity, temperature of the skin, mental reactions and changes in the body 
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weight, and on the following constituents of the blood: cholesterol, calcium, phos- 
phorus, protein, potassium, iodine and sugar. 

The determinations were made (a) just prior to operation, (b) within one 
week after operation, (c) when myxedema was setting in (later postoperatively), 
(d) during myxedema and (e¢) after thyroid therapy was instituted. Such an 
arbitrary division was made to observe the effect of the operation on the afore- 
mentioned functions of the body as well as to show the trend of these functions as 
myxedema set in and after the patient received thyroid substance. The physical 
condition of the patient with cardiac failure is distinctly different from that of the 
patient having angina pectoris; so the two groups will be discussed separately. 
In no instance was there a patient with cardiac failure with pain in whom the 
condition could be termed angina pectoris, and likewise no patient with angina 
pectoris showed any well marked sign of cardiac failure. Except for the pain 
and some evidence of coronary disease, patients in the group with angina pectoris 
may be said to be representative of persons in that respective age group. 

The patients in both groups with cardiac disease were studied completely before 
operation, the completion of the various tests requiring about one week. Those 
in the group with cardiac failure were treated by the usual medical methods, 
including the administration of digitalis and diuretics, in an effort to build up the 
cardiac reserve. No attempt at dietary restriction was made, all patients receiving 
the usual hospital diet, with the exception of limitation of fluids in some cases. 
None of the patients studied was unduly obese, so that the results of studies of 
basal metabolism and vital capacity are comparable for each group. There were 
no known instances of endocrine dysfunction particularly referable to the 
pituitary gland or the pancreas in the groups with cardiac disease. Most notable 
was the absence of any dysfunction of the thyroid gland, as determined by obser- 
vation of symptoms and studies of basal metabolism made before operation. 
Furthermore, histologic study of all the thyroid glands removed at operation 
showed them to be essentially normal. 

The immediate postoperative studies were made usually between the fourth 
and the sixth days after operation, after the postoperative reaction had subsided 
and the patient was again receiving a full diet. 

As clinical myxedema developed, the determinations were somewhat variable, 
since when the patient showed the first signs and symptoms of athyroidism he 
was usually given thyroid therapy. Therefore, we do not know what changes 
might have been noted in patients with complete myxedema. In some instances 
it was not necessary to allow marked myxedema to develop to gain relief from 
symptoms, so thyroid therapy was begun early. This discussion will therefore 
attempt to show only the general trend of the changes in body functions as we 
determined them through the cycle from the normal state toward myxedema and 
back toward normal. 

BASAL METABOLIC RATE 


The fall in the basal metabolic rate is the generally accepted criterion 
to substantiate the diagnosis of myxedema,’ although it is now known 
that persons with pituitary adenoma (chromophobe or basophil) have 
an associated low basal metabolic rate.’ The basal metabolic rate was 


2. Sturgis, C. C.: Myxedema with Observations of Basal Metabolism, M. 
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used in our study to determine the degree of myxedema when the 
patient showed the usual clinical signs. : 


In 24 patients with angina pectoris the average basal metabolic rate 
before operation was —1.2, with extreme limits of —15 and +13. This 
was not altered appreciably within one week after operation, when the 
average rate for the same group was —2, with limits of —21 and 
+14. It required an average of nine and nine-tenths weeks for clinical 
myxedema to be established, the extreme limits being two and _five- 
tenths weeks and twenty-four weeks. Three patients required nineteen, 
twenty-two and twenty-four weeks to reach the levels of —25, —21 
and —20, respectively, this delay being attributed to the possible 
presence of aberrant thyroid tissue. 

The average basal metabolic rate for the group (22 patients) after 
operation (in beginning myxedema) was —22.8. This relatively high 
figure, as stated previously, is due to the fact that marked myxedema 
did not develop in some patients after total thyroidectomy, and others 
received thyroid therapy before marked myxedema developed. In a 
series of 120 determinations of the metabolism of the 22 subjects we 
observed that when marked myxedema was allowed to develop the basal 
metabolic rate averaged more nearly —30. Following the administra- 
tion of thyroid substance, the rate was elevated to an average of —15, 
though this is not the usual optimum level for these patients. 

The average optimum level is about —20. Determinations made 
during periods of optimum symptomatic relief showed a relatively con- 
stant figure for a given patient. A certain individuality existed, how- 
ever, so that we could not arbitrarily place the rate for all patients at 
—20 and expect the best results. For instance, the condition of a given 
patient might be improved at this level, but he might have even more 
definite relief with a rate 5 or more points lower. On the other hand, 
since myxedema is obviously a pathologic state, it was deemed advisable 
to keep the patient as nearly free from it as possible without causing 
a return of symptoms. Therefore, if the symptomatic relief at —15 
was equal to that at —20, it was obviously better to keep the basal 
metabolic rate at the higher level. We were thus able in some cases to 
raise the basal metabolism to a normal level (+3, —9, —5 and —4) 
without a return of symptoms. There was great individual variation in 
the response to thyroid substance, although we noted in general that 
the rate for most patients could be maintained at a fairly fixed level 
of myxedema (—20) with 0.015 Gm. (% grain) of thyroid extract * 


4. The brand of thyroid extract used conformed in potency to the require- 
ments of the United States Pharmacopeia. 
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daily. Means ® observed in a study of 50 cases of spontaneous myx- 
edema that a ration of 0.03 Gm. ('% grain) of thyroid daily was 
required to maintain 2 level of myxedema at —20. 

In the group with cardiac failure the average immediate preoperative 
basal metabolic rate in 15 patients was +3.1 per cent (limits: —9 and 
+ 22), a higher level as compared with the more normal group with 
angina pectoris. Five of the 15 (33 per cent) had a basal metabolic 
rate of +13 or more, an elevation not uncommon in persons with 
cardiac decompensation.® There was, however, a greater variation 
in this group immediately following operation, the average being —5, 
with limits of —22 and + 12. The average time required to establish 
clinical myxedema was eight and five tenths weeks, with extreme 
limits of two and sixteen weeks. In the group with myxedema the 
basal metabolic rate averaged —27. Since a more marked state of 
myxedema is optimum for the group in which compensation is achieved 
by lowering the basal metabolic demands on the circulation, nearly the 
full-blown picture was allowed to develop in the majority. Following 
thyroid therapy the average basal metabolic rate was —11.2 per cent, 
although a level of more pronounced clinical myxedema was maintained 
than the figure indicates. Such an increased metabolic rate is compatible 
with the decreasing vital capacity that develops in these patients, par- 
ticularly if they receive too much thyroid substance and decompensation 
again occurs. 

CHOLESTEROL CONTENT OF THE BLOOD‘ 


As the basal metabolic rate falls in persons with myxedema, the 
cholesterol content of the blood usually rises, causing a state of hyper- 
cholesteremia. Hurxthal* expressed the opinion that the cholesterol 
content of the blood is a definite function of the thyroid state and 
that it is an aid in the diagnosis of dysthyroidism. We observed a 
definite rise in the cholesterol level as myxedema was established. In 
the group with angina pectoris the average preoperative cholesterol 
content of the plasma for 23 patients was 256 mg. per hundred cubic 
centimeters of blood. The figure is slightly elevated because it includes 


5. Means, J. H., and Lerman, J.: The Symptomatology of Myxedema: Its 
Relation to Metabolic Levels, Time Intervals, and Rations of Thyroid, Tr. A. Am. 
Physicians 49:214, 1934. 

6. Peabody, F. W.; Wentworth, J. A., and Barker, B. I.: The Basal 
Metabolism and the Minute-Volume of Respiration of Patients with Cardiac 
Disease, Arch. Int. Med. 20:468 (Sept.) 1917. 

7. Bloor, W. R.; Pelkan, K. F., and Allan, D. M.: The Determination of 
Fatty Acids (and Cholesterol) in Small Amounts of Blood Plasma, J. Biol. Chem. 
52:191, 1922. 

8. Hurxthal, L. M.: Blood Cholesterol in Thyroid Disease: Effect of Treat- 
ment, Arch. Int. Med. 52:86 (July) 1933. 
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the values for 3 patients with initial hypercholesteremia (406, 415 and 
470 mg.; ages 42, 61 and 56 years, respectively) the cause of which 
could not be ascribed to diabetes, nephrosis or arteriosclerosis.® By 
omitting the values for these 3 patients, the average for 20 patients 
was 230 mg. per hundred cubic centimeters, with limits of from 100 
to 325 mg. per hundred cubic centimeters (average age, 58.7 years). 
The average immediate postoperative value for cholesterol was 248 mg. 
per hundred cubic centimeters for the 23 patients. Further determina- 
tions were made as the patients showed signs of myxedema; this brought 
with it a rising value for plasma cholesterol, reaching an average of 
404 mg. just prior to the administration of thyroid substance. This 
is not an average of the highest cholesterol values. In some cases the 
peak of the cholesterol value was reached several weeks before the basal 
metabolic rate was lowest; in other cases the cholesterol reached its 
highest value shortly after thyroid therapy was instituted. An average 
of the highest values for cholesterol was 475 mg. per hundred cubic 
centimeters, with limits of 275 and 744 mg. The values after thyroid 
therapy were variable, depending on the patient’s response to the admin- 
istration of thyroid substance, but in general it can be stated that there 
was a fall of the cholesterol content toward normal, and when the basal 
metabolic rate was brought back to normal limits the cholesterol content 
also returned toward its preoperative level. 

The values for plasma cholesterol of the group with cardiac failure 
were similar to the foregoing values, except that no instance of hyper- 
cholesteremia was encountered preoperatively, possibly because such a 
condition occurs in a younger age group (average age, 39.9 years). 
The average value for twelve patients before operation was 182 mg. 
per hundred cubic centimeters. This rose to an average of 315 mg. 
with myxedema. As in the group with angina pectoris, there was in 
the group with cardiac failure a variation in the cholesterol content 
following thyroid therapy, with a similar trend toward normal following 
the administration of thyroid substance. 


RECIPROCAL CHOLESTEROL VALUES AND BASAL METABOLISM 


That an inverse ratio exists between the basal metabolic rate and 
the cholesterol content of the blood in persons with hypothyroidism is 
borne out in our study of 35 patients, including 191 observations. This 
would seem to confirm the statement of Cutting '° that “the cholesterol 


9. Bruger, M., and Poindexter, C. A.: Relation of Plasma Cholesterol to 
Obesity and to Some of the Complicating Degenerative Diseases, Arch. Int. Med. 
53:423 (March) 1934. 

10. Cutting, W. C.; Rytand, D. A., and Tainter, M. L.: Relationship Between 
Blood Cholesterol and Increased Metabolism from Dinitrophenol and Thyroid, J. 
Clin. Investigation 13:547, 1934. 
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correlation is some function of a thyroid hormone.” In the absence 
of a functioning thyroid gland the basal metabolism falls below normal, 
and the cholesterol content rises above normal in an inverse ratio, but 
this does not necessarily occur simultaneously, nor can the ratio be 
expressed on an absolute mathematical basis. Of our 35 patients, 11 
(31.4 per cent) showed a rapid fall in basal metabolism after total 
thyroidectomy, whereas the rise in cholesterol values occurred shortly 
thereafter (several weeks). Conversely, 9 patients (25.8 per cent) 
showed a rapid rise in the cholesterol content following the operation, 
with a fall in metabolism later. In 15 cases (42.8 per cent) the fall 
in basal metabolism and rise in cholesterol content were simultaneous. 
As a criterion for treatment of patients with hypothyroidism we agree 
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Chart 1—Ratio of the metabolic rate and the cholesterol content of the blood 
after thyroidectomy, based on 120 observations on twenty-two patients with angina 
pectoris. 


with Mason, Hunt and Hurxthal*! that the cholesterol content is a 
better indicator of the severity of the disease than is the basal metabolic 
rate and is therefore a more accurate index for therapy. This is prob- 
ably due to the numerous sources of error which occur in determina- 
tions of the basal metabolic rate. We had 4 patients who throughout 
their entire course showed normal readings for the basal metabolic rate 
(+3, —9, —5 and —4, respectively), their only indication of myxedema 
on laboratory examination being the rise in the cholesterol content (610, 


11. Mason, R. L.; Hunt, H. M., and Hurxthal, L. M.: Blood Cholesterol 
Values in Hyperthyroidism and Hypothyroidism: Their Significance, New 
England J. Med. 203:1273, 1930. 
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461, 573 and 390 mg., respectively). Chart 1 indicates the ratio of 
metabolism and cholesterol after thyroidectomy in the 22 cases of angina 
pectoris in which the basal metabolic rate and the values for cholestero| 
were normal before the thyroid gland was removed. 

In the state of myxedema just prior to the inception of thyroid medi- 
cation, the average basal metabolic rate in all cases was —24.9, with 
an average value for cholesterol of 359 mg. per hundred cubic centi- 
meters. Thyroid therapy tended to lower the cholesterol content as well 
as to raise the basal metabolic rate toward normal. It appeared that the 
basal metabolic rate returned toward normal more rapidly than did the 
cholesterol value in most of the cases following the administration of 
thyroid substance. 

VITAL CAPACITY 


The vital capacity of the lungs was determined in all cases with the 
patient in a sitting position in bed in an attempt to standardize the 
procedure for a basis of comparison. The figures given are an average 
of three determinations made at one sitting. The Collins vital capacity 
spirometer was used. 

The preoperative determinations for the group with angina pectoris 
were all slightly below normal (as compared with the standards of 
Bowen **). Immediately after total thyroidectomy ** there was a striking 
decrease in 50 per cent of the cases, followed by a rapid recovery 
within seven days.'* In the remaining 50 per cent of the cases there 
was no alteration at this time. Subsequent determinations for all the 
patients in the group after myxedema was established and after thyroid 
therapy showed essentially the same vital capacity as was noted pre- 
operatively. Hence, the myxedema following the total removal of a 
normal thyroid gland in a patient with angina pectoris causes no appre- 
ciable alteration of vital capacity. This is in marked contrast to the 
study made by Blumgart, Gargill and Gilligan,’> who noted that the 
vital capacity of the lungs was strikingly diminished in patients with 
spontaneous myxedema in the absence of any signs of congestive failure 
and did not show a significant change following treatment. 

The observations on the group with cardiac failure, however, were 
subject to variations. Determinations of vital capacity were made imme- 
diately after the patient was admitted to the hospital, and it was noted 
that 5 of the 14 patients (36 per cent) had a vital capacity below 45 


12. Bowen, B. D.: Relation of Age and Obesity to Vital Capacity, Arch. Int. 
Med. 31:579 (April) 1923. 

13. All the operations were performed with local anesthesia. 

14. Powers, J. H.: Vital Capacity: Its Significance in Relation to Postopera- 
tive Pulmonary Complications, Arch. Surg. 17:304 (Aug.) 1928. 

15. Blumgart, H. L.; Gargill, S. L., and Gilligan, D. R.: Studies on the 
Velocity of the Blood Flow, J. Clin. Investigation 9:91, 1930. 
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per cent (from 22 to 41 per cent) of the calculated normal. Peabody ° 
demonstrated that persons with a vital capacity below 45 per cent are 
in a state of frank decompensation. The remaining 9 patients (64 per 
cent) had a vital capacity between 45 and 64 per cent and were severely 
handicapped. A later determination of vital capacity was made just 
before the operation, following a period of rest in bed and digitalization. 
Such medical treatment resulted in an average increase in vital capacity 
of 9 per cent, an average rise from 43.3 to 52.2 per cent in 11 of the 
14 cases, the vital capacity in the remaining 3 showing no change. Total 
thyroidectomy was followed by an immediate decrease in vital capacity 
in 43 per cent of the cases, that in the other 57 per cent maintaining 
the preoperative level or showing a slight increase. There was an 
increase in vital capacity averaging 15 per cent in 9 of the patients in 
the myxedematous state as compared to the immediate preoperative level, 
or a total increase of 24 per cent (9 per cent following preoperative 
medical treatment plus 15 per cent following total thyroidectomy ). 
The remaining 5 patients showed no appreciable change after myx- 
edema was established as compared to the immediate preoperative 
vital capacity. In all the cases, however, there was a marked general 
symptomatic improvement, although the highest vital capacity was only 
71.9 per cent of the calculated normal. Peabody ® stated that patients 
with cardiac disturbances with a vital capacity of from 40 to 70 per cent 
of normal are severely handicapped. The degree of incapacity appears 
to be less marked in previously decompensated patients following total 
thyroidectomy than in a similar group of decompensated patients who 
have not been subjected to total thyroidectomy. In summary, although 
the vital capacity did not attain the level of activity (70 per cent, as 
given by Peabody), all the patients improved sufficiently to become 
ambulatory after the operation, whereas they were all bedfast before 
the removal of the gland. 


VOLUME OF BLOOD FLOW 


Studies in the volume of blood flow in normal persons as well as 
in persons with cardiac disease have been carefully made by Blumgart 
and Weiss.’® They concluded that in persons with cardiovascular dis- 
ease there is a striking tendency for a decrease in the vital capacity of 
the lungs to be associated with an increase in the pulmonary circulation 
time, which denotes a slower rate of blood flow through the lungs. Our 
observations are in agreement. Our technic differed in that in place 
of making an active deposit of radium, as done by Blumgart and Weiss, 


16. Blumgart, H. L., and Weiss, S.: Clinical Studies on Velocity of Blood 
Flow, J. Clin. Investigation 5:343 and 379, 1928. 
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we gave an intravenous injection of 2 per cent sodium cyanide."’ This 
method measures the arm to carotid artery circulation time, the prin- 
ciple being essentially the same. Blumgart and his associates *® main- 
tained that the arm to heart circulation time shows considerable variation 
because of relatively great spontaneous fluctuations in the blood flow 
in the arm. However, our results were sufficiently accurate to war- 
rant the use of the method in this study. 

The circulation time in the patients with angina pectoris, who in 
the absence of cardiac failure were considered essentially normal, with 
an average rate of twenty and one-tenth seconds, was slightly higher 
than the standard (fifteen and six-tenths seconds) given by Robb and 
Weiss. Within one week after total thyroidectomy the same patients 
showed essentially no change, with an average of twenty and six-tenths 
seconds. Considering, for example, that a doubling of the circulation 
time denotes a slowing of the blood flow to one-half its normal velocity 
and designating it as — 50 per cent, we observed that as the same 
patients became myxedematous the circulation time increased to an 
average of thirty-three and four-tenths seconds, a slowing of the blood 
flow of — 43 per cent in 13 cases (81 per cent). In 3 cases (19 per 
cent) there was no appreciable change after myxedema was established 
as compared to the preoperative velocity. The discrepancy may be 
explained in 1 case by the fact that a high basal metabolic rate per- 
sisted, though there was clinical evidence of myxedema. The basal 
metabolic rate was + 3, with the cholesterol content of the blood 
610 mg. per hundred cubic centimeters. In the other two cases, how- 
ever, the basal metabolic rate was —23 and —24. We are unable to 
explain this phenomenon. In general, we noted, as pointed out by 
Blumgart and his associates,’® that the relation between the basal 
metabolic rate and the velocity of the blood flow is a simple linear one, 
although it cannot be expressed on a mathematical basis; as the basal 
metabolism falls, the blood flow slows proportionately. Following the 
administration of thyroid substance the basal metabolic rate rose and 
the velocity of the blood flow increased toward normal in a parallel 
manner (chart 2). 

In the study of the group with cardiac failure the changes noted 
were not nearly so clear and striking. We noted that while in general 
the velocity of the blood flow was retarded it could not be related 
closely to clinical observations in regard to either the original cardiac 
failure or the later myxedema. The average preoperative circulation 


17. Robb, G. P., and Weiss, S.: A Method for Measurement of the Velocity 
of Pulmonary and Peripheral Venous Blood Flow in Man, Am. Heart J. 8:650, 
1933. 
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rate in 13 patients was thirty-four and eight-tenths seconds, a distinct 
slowing compared to the rate of normal persons (twenty seconds in 
the group with angina pectoris and fifteen and six-tenths seconds 
observed by Robb and Weiss). Within one week after total thyroidec- 
tomy the average velocity in the same patients was thirty-two and five- 
tenths seconds, an apparently small variation from the previous 
determination. Actually, 63.6 per cent of the patients showed an 
increased velocity of the blood flow after the operation, whereas the 
remaining 36.4 per cent showed a greater slowing of the circulation. 
In patients in the myxedematous state, the same individual variation 
existed as compared to the postoperative velocity, although in all cases 
there was a striking slowing of the velocity of the blood flow (from 
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Chart 2.—Ratio of the metabolic rate to the circulation time and the cholesterol 
content of the blood before and after operation for removal of the thyroid gland 
and after thyroid therapy in twenty-two patients with angina pectoris. 


thirty to ninety seconds). This is undoubtedly the slowed velocity 
associated with the myxedema superseding the increased velocity usually 
observed in persons with cardiac compensation. This was confirmed 
by giving small doses of thyroid extract by mouth, which caused an 
increase in the velocity of the blood flow, only to be superseded by a 
fall again if decompensation ensued. In 1 case in which there was 
marked decompensation due to mitral stenosis and insufficiency, the 
slow blood flow became more rapid after total thyroidectomy. This we 
interpreted as being due to the fact that the slow rate of flow due to 
hypothyroidism was not at as low a level as the slower rate dictated 
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by the cardiac decompensation. Thus, total thyroidectomy can increase 
the volume of blood flow when it has been abnormally’ slowed during 
cardiac failure, although one of the intrinsic results of total thyroidec- 
tomy is to slow the volume of blood flow. 


OTHER CHEMICAL ANALYSES OF THE BLOOD 


In view of the fact that total thyroidectomy with the removal of 
a normal gland is a decidedly new procedure in man, additional chemi- 
cal analyses of the blood were carried out in order to observe any 
further changes that might occur following such a procedure. It is 
true that such studies have been carried out on laboratory animals 
many times, but the results have been controversial. In this study no 
attempt was made at dietary control, the patients receiving the average 
full hospital diet before the operation and as soon after the operation 
as solid food could be taken without discomfort. This was usually 
by the second or third postoperative day, so that all the studies were 
made with the patient on an average diet. All the specimens of blood 
were taken after fasting. 

Calcium and Phosphorus——The calcium and the phosphorus '* 
content of the blood serum were determined in 25 patients (both 
groups included) before the operation and at intervals after the opera- 
tion. Preoperatively and postoperatively, as well as during myxedema 
and after thyroid therapy, there was a fluctuation of values for both 
the calcium and the phosphorus content of the blood, but all were 
within normal limits (calcium, from 9 to 11 mg. and phosphorus from 
3.4 to 4.6 mg. per hundred cc. of blood *°). Eppinger and Hess ** and 
Maxim and Vasilin** noted that the calcium content of the blood in 
dogs increased after thyroidectomy. Waldorf and Fuller,” as well as 
Larson and Fisher,” maintained that thyroidectomy decreases the cal- 
cium content of the blood. Our observations agree with those of Ido * 
that the calcium content fluctuates considerably but remains essentially 
within normal limits. This is of particular interest in view of the 
fact that in the first 26 cases parathyroid tissue was observed either 
grossly or microscopically in 50 per cent of the thyroid glands examined. 


18. Fiske, C. H., and Logan, M. A.: Determination of Calcium by Alkali- 
metric Titration, J. Biol. Chem. 93:211, 1931. 

19. Fiske, C. H., and Subbarow, Y.: The Colorimetric Determination of 
Phosphorus, J. Biol. Chem. 66:375, 1925. 

20. Salvesen, H. A., and Linder, G. C.: Inorganic Bases and Phosphates in 
Relation to Protein of Blood and Other Body Fluids in Bright’s Disease and in 
Heart Failure, J. Biol. Chem. 58:617, 1923. 

21. Quoted by Koh, Munlyong: A Method of Estimating the Functional 
Activity of Thyroid by Means of Urine or Serum, Keijo J. Med. 4:291, 1933. 
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The amount of parathyroid substance removed is not the sole con- 
sideration, as shown by the fact that tetany occurred infrequently and 
never in a severe form. We have learned to consider of less serious 
import the possibility of tetany following the removal of some para- 
thyroid tissue. 

Signs of parathyroid tetany developed in two of the patients 
after total thyroidectomy ; it was mild, with a 1 + Trousseau sign but 
a negative Chvostek sign. In one patient, two parathyroid glands were 
reimplanted into the pretracheal muscles at the time of operation, one 
parathyroid remaining intact, as noted later at autopsy. In the other 
patient, two parathyroid glands were well visualized and were left 
intact. Both patients showed a lowered calcium content of the blood 
of 6.5 and 7.8 mg. per hundred cubic centimeters, respectively, at the 
onset of symptoms. The phosphorus content of the blood in the first 
case was elevated to 5.7 mg. per hundred cubic centimeters and in the 
other case was normal, 4 mg. The first patient (S. A.) was treated 
with parathyroid extract, resulting in a fall of the phosphorus content 
to 4.1 mg. on the following day but no change in the calcium content. 
The patient received a total of 208 units of parathyroid extract intra- 
muscularly plus calcium gluconate intravenously in one week, with no 
rise in the calcium content of the blood or later alteration in the phos- 
phorus content, although the symptoms subsided. The other patient 
(A. P.) received large doses of calcium lactate (4 Gm. three times a 
day) and viosterol, 20 drops three times a day by mouth, with a rapid 
tise of the calcium content to 9 mg. per hundred cubic centimeters 
and relief from the symptoms. There was a slight elevation in the 
phosphorus level during treatment (from 4 to 5.4 mg.), not related 
to his symptoms. In the patient A. P. simultaneous studies of the 
protein contents of the blood were carried out, and the values were 
observed to be normal (total protein, 7.2 Gm.; albumin, 4.3 Gm., and 
globulin, 2.9 Gm.). Salvesen and Linder,*? in a study of parathyroidec- 
tomy in dogs in which tetany subsequently developed, observed that 
the protein content of the plasma remained normal while the calcium 
content of the serum decreased. They concluded that this is an indi- 
cation that the decrease of calcium in cases of tetany is not due to a 
primary decrease in the protein-bound calcium but is caused by a 
decrease in the diffusible and ionized fraction. Furthermore, it appears 
probable that a parallel fall in both the protein and the calcium content 
of the plasma, with py and other significant factors normal, affects 
chiefly the nonionized calcium, while a fall in the calcium content with 


22. Salvesen, H. A., and Linder, G. C.: Relation Between Calcium and Pro- 
tein of Serum in Tetany Due to Parathyroidectomy, J. Biol. Chem. 58:635, 1923. 
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a continued normal protein content affects chiefly the ionized calcium 
and leads to tetany. 

Protein.—Studies of the protein content of the blood,** including 
determinations of total protein, albumin and globulin, were carried out 
on a series of patients before operation, again when myxedema was 
established and after thyroid therapy. They showed some fluctuations, 
which were not constant in any phase of the study and were all within 
normal limits, so that the further study was abandoned. Rossignoli 
and his co-workers ** in studies of the blood of dogs observed that fol- 
lowing total thyroidectomy there was a rise of the total protein and the 
nonprotein nitrogen content of the blood to the upper limits of normal. 
The values returned to the normal average after the administration of 
thyroid substance. Our studies revealed a tendency toward lowering of 
the total protein content of the blood in patients with myxedema to a 
lower limit of normal with no appreciable change in the values for 
nonprotein nitrogen. Thyroid therapy did not raise the total protein 
content in these cases. 

Potassium.—Studies were carried out, since Maxim and Vasilin 
stated that the potassium content begins to decrease from four to seven 
days after thyroidectomy in dogs. Ido* reported an increase in the 
potassium content of the blood of thyroidectomized guinea-pigs. With 
the normal limits for potassium from 18 to 22 mg. per hundred cubic 
centimeters,” we observed a great variation in the potassium content, 
from 17.5 to 26.3 mg. in the group with angina pectoris and from 
17 to 36.8 mg. in the group with cardiac failure, irrespective of the 
patient’s clinical condition in relation to thyroid function. Salvesen 
and Linder ”° also observed that the values for potassium varied in 
both directions but were relatively constant in patients with cardiac 
failure. Hoffman and Jacobs,”’ in their study of the potassium content 
of the blood in health and in disease, observed no variation from the 
normal either in persons with hyperthyroidism or in those with hypo- 
thyroidism. 
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Todine.—Study of the iodine content of the blood of man and 
the interpretation *’ of results are comparatively recent and are becom- 
ing of universal interest. The method of determination of the iodine 
content most commonly used is that of von Fellenberg;*° this is an 
open reduction method yielding an average iodine content of 12.8 micro- 
grams per hundred cubic centimeters of blood in the late summer and 
fall and 8.3 micrograms during the late fall and winter in Munich, 
Germany. Curtis,?’ in this country, using the same method, reported 
the range of iodine values from 8.9 to 13.8 micrograms, with an average 
of 12 micrograms per hundred cubic centimeters of blood in Chicago. 
He likewise reported a range of from 5.2 to 14.2 micrograms, with an 
average of 10.1 micrograms per hundred cubic centimeters of blood 
in Columbus, O. Although these figures are relatively constant, we are 
of the opinion that they probably represent a nonvolatile fraction of 
iodine in the blood, an unknown fraction having been volatilized in the 
open method of reduction. We therefore utilized the closed reduction 
method of Baumann and Metzger ** for the determination of iodine 
in the blood of patients subjected to total thyroidectomy for cardiac 
disease.** In the vicinity of Boston between Dec. 1, 1933, and June 1, 
1934, we noted a wide variation in values for iodine in the blood of 
persons without thyroid disease. In 7 patients with angina pectoris 
the iodine content after fasting before operation ranged from 20 to 380 
micrograms per hundred cubic centimeters of blood. This became ele- 
vated to a range of from 28 to 660 micrograms per hundred cubic centi- 
meters of blood six days after the operation. In persons with myxedema 


the values ranged from 40 to 220 micrograms. This last range was 


very little altered by the administration of small amounts of thyroid 
substance. Similar results were obtained in 9 patients in the group 
with cardiac failure, the preoperative range being from 10 to 200 micro- 
grams per hundred cubic centimeters of blood. There was no relation- 
ship between the values for iodine and the severity of the cardiac 
disturbance. The patients did not receive iodine in the form of medica- 
tion or iodized salt except thyroid substance after myxedema developed. 


28. Davis, B.; Curtis, G. M., and Cole, V.: Blood Iodine Studies: Normal 
Iodine Content of Human Blood, J. Lab. & Clin. Med. 19:818, 1934. 

29. Curtis, G. M.; Davis, C. B., and Phillips, F. J.: Significance of Iodine 
Content of Human Blood, J. A. M. A. 101:901 (Sept. 16) 1933 

30. von Fellenberg, T.: Das Vorkommen der Kreislauf und der Stoffwechsel 
des Jods, Ergebn. d. Physiol. 25:176, 1926. 

31. Baumann, E. J., and Metzger, N.: Determination of Iodine in Blood, 
Foods, and Urine, J. Biol. Chem. 98:405, 1932. 

32. Mr. H. W. Cumings carried out the work and is making a full report on the 
studies of the iodine content of the blood in a later communication. 
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Two patients with heart disease recently observed were selected for 
study of the iodine content immediately after thyroidectomy. One 
patient (M. A.), a woman with cardiac failure and a basal metabolic 
rate of —1 per cent had one week after menstruating an iodine content 
of 10 micrograms per hundred cubic centimeters of blood. The other 
patient (H. B.), a man with angina pectoris (decubitus), had a basal 
metabolic rate of —5 and an iodine content of 60 micrograms per 
hundred cubic centimeters of blood. Two preliminary determinations 
of iodine were made on each patient, the second sample being taken 
the morning of operation. All samples were taken after fasting. Sub- 
sequent samples of blood were taken twelve and twenty-four hours 
following operation and for each twenty-four hour period thereafter 
for one week. The iodine level began to rise after total thyroidectomy, 
reaching its peak in one hundred and forty-four hours (six days) in 
the patient M. A., and in seventy-two hours (three days) in the patient 
H. B. We do not believe that this represented a liberation of thyroid 
substance into the blood stream at the time of removal of the gland, 
since the content cumulated over a period of several days. The iodine 
content of the urine was not determined. The basal metabolic rates 
for the 2 patients one week after operation were —8& and —5, respec- 
tively. 

Chart 3 shows the level of iodine in the blood at each twenty-four 
hour period. 

The rise in the iodine content of the blood following total thyroidec- 
tomy, with a decline toward the normal preoperative level in one week, 
was not the same as that observed by Curtis,** who noted a transient 
increase in the iodine content after total thyroidectomy which subsided 
after twenty-four hours. We are unable to explain the continued rise 
along with the great variation in the content. Schittenhelm and Eisler ** 
expressed the opinion that there are several depots of production of 
iodine in the body, namely, the thyroid gland (‘endocrine iodine”) 
and certain tissues, especially voluntary muscle (“fixed tissue iodine”). 
They further proposed that both the production and the consumption 
of iodine in the blood are controlled by the central nervous system 
(hypophysis) and that the height of the level of iodine is an expression 
of a combined action of production, consumption and the activity of 
the nervous system. As for the thyroid gland, it is a focus of produc- 
tion of endocrine iodine and therefore only a factor in tissue activity. 


33. Curtis, G. M., and Barron, L. E.: Blood Iodine After Total Thyroidectomy 
in Man, Am. J. Physiol. 109:26, 1934. 

34. Schittenhelm, A., and Eisler, B.: Blutjodspiegel und dessen Beeinflussung 
durch sympathicomimetische Pharmaca in ihrer Abhangigkeit von Nervensystem 
und Schilddriise, Ztschr. f. d. ges. exper: Med. 86:309, 1933. 
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Although the authors’ work is not conclusive, it offers a partial explana- 
tion for the variation occurring in our patients, considering our method 
of chemical analysis as being accurate. 

Sugar.—As early as 1904 Lorand *° demonstrated the disappearance 
of diabetes in three depancreatized dogs ten days after thyroidectomy. 
In 1908 Eppinger, Falta and Rudinger *® and in 1909 MacCallum ** 
repeated the study and obtained a diminution but not a complete disap- 
pearance of glycosuria. Crile,** in a study of 620 cases of hypergly- 
cemia with or without glycosuria, observed that in 420 the condition 
cleared up completely after subtotal thyroidectomy. In the remaining 
200 cases a frankly diabetic condition was present. Of these, thyroidec- 
tomy was followed by improvement in 55 per cent; in 15 per cent the 


OO 


| 
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Chart 3.—The iodine content of the blood following total thyroidectomy in 
two patients. 


condition remained stationary, and in 30 per cent it became more severe. 
Wilder and his associates ** reported a case of diabetes in which total 
35. Lorand, M. A.: Les rapports du pancreas (iléts de Langerhans) avec la 
thyroide, Compt. rend. Soc. de biol. 1:488, 1904. 

36. Eppinger, H.; Falta, W., and Rudinger, K.: Ueber die Wechselwirkungen 
der Driisen mit innerer Sekretion, Ztschr. f. klin. Med. 66:1, 1908. 

37. MacCallum, W. G.: On the Relation of Islands of Langerhans to Glyco- 
suria, Bull. Johns Hopkins Hosp. 20:265, 1909. 

38. Crile, G. W., and others: Diagnosis and Treatment of Diseases of 
Thyroid Gland, edited by Amy F. Rowland, Philadelphia, W. B. Saunders Com- 
pany, 1932. 

39. Wilder, R. M.; Foster, R. F., and Pemberton, J. de J.: Total Thyroidec- 
tomy in Diabetes Mellitus, Endocrinology 18:455, 1934. 
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thyroidectomy caused an increased tolerance for sugar (lower sugar 
curve) but did not cure the condition. 

Our study includes observations on 12 nondiabetic persons on whom 
total thyroidectomy was performed for relief from cardiac disease. Tests 
for sugar tolerance were considered before operation and at subsequent 
intervals. Although several patients showed a high normal curve, there 
were neither symptoms of diabetes nor glycosuria. We noted that 
following total thyroidectomy, with the removal of a normal gland 
in nondiabetic persons, there was a tendency to lowering of the curve 
in a few instances, but in no case was it sufficiently great to be of 
any significance, even with fairly severe myxedema. Table 1 shows 
the tolerance curves for 6 patients, 3 with angina pectoris and 3 with 
congestive heart failure, before operation and with hypothyroidism. 


Blood Sugar, Mg. per 100 Ce. 
B. M. s+“. 
Percentage After Administration of 100 Gm. 
Deviation Dextrose 
from After - > 
Patient Diagnosis Time of Study Normal Fasting %Hr. 1Hr. Hr. 2Hr. 
k. W. Angina Preoperative ‘ 3s 178 242 “ea 242 
peetoris Postoperative - 5 3 194 238 933 252 
During myxedema... . . 148 ¢ 204 185 
Angina Preoperative. . er —13 B 142 8 154 121 
pectoris Postoperative......... 163 38 129 § 
During myxedema..... ~82 153 


Angina Preoperative 5 160 
pectoris Postoperative 200 
During myxedema..... 
Cardiac Preoperative 
failure Postoperative 
During myxedema... .. 


Cardiac Preoperative. . 
failure Postoperative.... 
During myxederr 
Cardiac Preoperative 
failure Postoperative 
During myxedema..... 


Two patients with mild diabetes mellitus having early gangrene of 
the foot were selected for total thyroidectomy with the thought of sav- 
ing the damaged extremity. The physiologic reasons were as follows: 
Total thyroidectomy should reduce the intimate basal metabolic demands 
in all the tissues of the body, affecting even individual cells. It is possi- 
ble that under such circumstances the cells which could not live with the 
damaged circulation plus the diabetes found that under the condition 
of the decreased metabolic demands the previously inadequate circula- 
tion became adequate. The operation was successful in that in both 
cases the diseased extremity healed without local operation. The good 
result obtained may in part have been due to the diminished metabolic 
demands of the tissue and to the vasodilator effect produced by the 
thyroidectomy on the blood vessels through the sympathetic nervous 


TaBLe 1—Sugar Tolerance of Six Patients Before and After Total Thyroidectomy 
R. H. 180 
152 
101 
Cc. C. 208 
185 
175 
E. F. — 6 87 135 198 161 187 
=oe 115 129 148 194 208 
22 79 152 200 224 247 
A. P. a | 84 150 202 219 210 
— 9 83 147 194 217 25 
36 ss 123 155 178 177 
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system and adrenal glands.*® The diabetic condition was distinctly bene- 
fited. Both patients are now ambulatory, 1 (D. M.) having required 
no insulin for the past six months and the other (G. K.) now using 
5, 0 and 5 units daily. Both used 10, 0 and 10 units daily, before thy- 
roidectomy. Table 2 shows the tolerance for sugar in relation to thyroid 
metabolism for the two subjects. 

It appears that in patients having no disturbance in sugar metabo- 
lism total removal of the thyroid gland does not alter the tolerance for 
sugar appreciably, whereas in patients having diminished tolerance for 
sugar (diabetes mellitus) total thyroidectomy increases the tolerance 
for sugar as early as one week after the gland has been removed and 
before a frank state of myxedema develops. Feeding of thyroid sub- 
stance with a return of the basal metabolic rate toward normal does not 


TABLE 2—Sugar Tolerance Curves of Two Diabetic Patients Before and After 
Total Thyroidectomy 


Blood Sugar, Mg. per 100 Ce. 
After Administration of Basal 
100 Gm. Dextrose 
After — A 
Patient Date Fasting % Hr. 1Hr. %4Hr. 2Hr. 

Preoperative. 212 
Postoperative......... 169 
During myxedema.... 146 
After thyroid therapy 165 
After thyroid therapy 98 
Preoperative 132 
Postoperative......... 99 
During myxedema.... 146 
: After thyroid therapy 136 
2/17/34+ = After thyroid therapy 133 


* Present medication is: thyroid, 0.015 Gm. daily; insulin, 5, @ and 5 units daily, and 
digitalis, 0.1 Gm. daily. 

+ Present medication is: thyroid extract, 0.0830 Gm. daily. No insulin bas been required for 
six months, 


alter the improved tolerance appreciably. The normal persons may 
perhaps show a similar change in tolerance for sugar after a more 
prolonged period in the myxedematous state. 


STUDIES OF THE TEMPERATURE OF THE SKIN 


In our study of patients subjected to total thyroidectomy, determi- 
nations of the temperature of the skin were made before and after 
operation to study further the relationship between the thyroid gland 
and the vasomotor apparatus. Lewis and Pickering *' stated that while 


40. Cutler, E. C., and Schnitker, M. T.: Skin Temperature Changes After 
Total Thyroidectomy, Proc. Soc. Exper. Biol. & Med. 31:736, 1934. 

41. Lewis, T., and Pickering, G. W.: Vasodilatation in Limbs in Response to 
Warming the Body, with Evidence for Sympathetic Vasodilator Nerves in Man, 
Heart 16:33, 1931. 
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the vessels of the skin are directly affected by temperature, constricting 
with cold and dilating with heat, they are also affected through the 
sympathetic nerves by the temperature to which distant areas of the 
body are exposed. That the vasoconstrictor tone of the capillaries is a 
function of the sympathetic nervous system was pointed out years ago 
by Krogh. The medulla of the adrenal gland is believed to reenforce 
the activity of the sympathetic nervous system, especially during con- 
ditions of stress.‘* Moreover, the thyroid gland appears to sensitize 
the whole or part of the sympathetic nervous system.** Because of the 
close interrelationship of the thyroid, the adrenals and the vessels of the 
skin through the sympathetic nervous system, we endeavored to study 
the relationship more closely by means of studies of the temperature 
of the skin in relation to ablation of the thyroid. 

Lewis and Pickering *' noted that the temperature of the skin is a 
resultant of two factors: (1) the state of dilatation of the smaller 
vessels (arterioles and capillaries) and (2) the amount of blood flow- 
ing through the part. Pickering ** further demonstrated that the appli- 
cation of cold to the skin reflexly produces over the entire body a 
vasoconstriction which is transient and quickly abolished by warming 
the skin. The application of heat to the skin does not produce vasodila- 
tation reflexly, but the rise in the temperature of the skin over the 
entire body is due to the stimulation of some central mechanism by the 
warm blood transported from the heated part. As the body slowly 
warms, the sympathetic tone of the smaller vessels decreases, the vessels 
relax and the temperature of the tissues rises; this rise of temperature, 
acting locally, further dilates the vessels, so that the temperature of 
the skin rises to its maximum, depending on the combined activity 
of the central and peripheral mechanisms. 

The methods now used to establish vasomotor relaxation are: the 
injection of foreign proteins to produce fever, general and spinal anes- 
thesia and local and sympathetic nerve block to restricted areas. The 
resulting responses are manifested by changes in the temperature of 
the skin, which are easily measured by a thermocouple, such as the 
Tycos dermatherm.*® With this instrument the changes are measured 
directly on the millivoltmeter and are easily calculated from a constant 
known temperature of water in a thermos bottle. To produce vasomotor 


42. Cannon, W. B.: The Emergency Function of the Adrenal Medulla in Pain 
and the Major Emotions, Am. J. Physiol. 33:356. 1914. 

43. Wright, S.: Applied Physiology, New York, Oxford University Press, 
1929, p. 130. 

44. Pickering, G. W.: The Vasomotor Regulation of Heat Loss from the 
Human Skin in Relation to External Temperature, Heart 16:115, 1932. 

45. Scott, W. J. M.: An Improved Electrothermal Instrument for Measuring 
Surface Temperature, J. A. M. A. 94:1987 (June 21) 1930. 
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relaxation we adopted the technic of Gibbon and Landis *° of immer- 
sion in a hot water bath because of its simplicity in execution, con- 
sistency in results and apparent effectiveness in relaxing vasomotor 
tone, supposedly equal to those of the usual methods using general or 
spinal anesthesia. The method consists in placing the forearms of the 
patient in warm water at 43 C. (110 F.) and during the period of 
immersion of recording the temperature of the skin at the knee, ankle 
and great and small toes of each extremity at one minute intervals. 
The water is kept at a constant temperature by two electric thermostats, 
and the arms are kept in the water for thirty minutes or longer, until 
complete vasodilatation has been accomplished. 

The patient is first made comfortable in bed in a modified Fowler 
position in a room at from 68 to 72 F. and free from air currents. 
The patient’s arms and legs are exposed for at least fifteen minutes 
to become adjusted to the temperature of the room, and then the 
temperature of the skin is noted over a period of another fifteen minutes 
to obtain a base-line before the forearms are immersed in water. 
Immediately on immersion of the forearms there is an initial drop 
in skin temperature, averaging from 0.5 to 1 C., that is a result of 
reflex vasoconstriction due to the sudden excess stimulus.** After 
a period of from two to five minutes the skin temperature returns to 
the original level and then slowly rises to about the fifteen minute inter- 
val, after which it rises more rapidly to the maximum level. During 
the period of rise of temperature, the patient perspires freely but is not 
unduly uncomfortable. The body temperature rises on an average 
of from 0.4 to 0.6 F. (rectal). 

According to Morton and Scott,** there is a maximum vasodilata- 
tion response for normal vessels that they have designated the normal 
vasodilatation level. The lower limit of the maximum level for the 
surface temperature of the great toe, the vasoconstrictors of which 
have been released by general or spinal anesthesia, is 31.5 C. (88.7 F.) 
at a room temperature of 20 C. (69 F.). For the vessels that are not 
able to reach this level Morton and Scott have set up an arbitrary 


46. Gibbon, J. H., Jr., and Landis, E. M.: Vasodilatation in the Lower 
Extremities in Response to Immersing the Forearms in Warm Water, J. Clin. 
Investigation 11:1019, 1932. Landis, E. M., and Gibbon, J. H., Jr.: A Simple 
Method of Producing Vasodilatation in Lower Extremities with Reference to Its 
Usefulness in Studies of Peripheral Vascular Disease, Arch. Int. Med. 52:785 
(Nov.) 1933. 

47. (a) Bazett, H. C.: Physiological Responses to Heat, Physiol. Rev. 7:531, 
1927. (b) Martin, E. G., and Jacoby, L. A.: Vasoconstriction from Warmth 
Stimulation, Am. J. Physiol. 59:394, 1922. 

48. Morton, J. J., and Scott, W. J. M.: Methods for Estimating the Degree 
of Sympathetic Vasoconstriction in Peripheral Vascular Disease, New England J. 
Med. 204:955, 1931. 
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standard called the occlusion index. The index is determined by sub- 
tracting the highest temperature attainable in the area of a diseased 
vessel from 31.5 C., and this figure is the index of the amount of cir- 
culatory occlusion. We noted in using the technic of Gibbon and Landis 
for vasodilatation that the standard of 31.5 C. is too high with this 
method, the normal vasodilator ability in our series of cases averag- 
ing 30.5 C. 

In instances of variation of room temperature above or below 20 C., 
we applied Vincent’s formula,** since it appeared that a correction factor 
was necessary in order to place all determinations of skin temperature 
on a common basis as regards environmental conditions, especially on 
hot days. Vincent's formula corrects the environmental factor by sub- 
tracting 0.3 C. from the skin temperature for each degree of room 
temperature above 20 C. and adding 0.3 C. to the skin temperature 
for each degree below 20 C. of room temperature. This has been 
accepted by Morton and Scott ** but not by Cobet,*? who expressed 
the opinion that its general application could not be used because of 
Vincent’s technic. 

It is interesting to note that in recording the skin temperature 
at the knees and toes we observed the knees showed the first and most 
rapid rise; the temperature of the toes rose more slowly at first 
but later far exceeded the rise at the knees. This conformed directly 
to the so-called vasoconstrictor gradient,**? which means that the distal 
parts of the body are cooler than the central part because vasocon- 
striction progresses from the body outward to the extremities. 

Studies of skin temperature were made on a series of 24 patients 
before operation, and the vasodilator response was determined. A 
total thyroidectomy was then carried out with local anesthesia, thereby 
making it possible to carry out postoperative studies. When a general 
anesthesia has been used, the results of postoperative studies are 
too variable and are not reliable, since the anesthesia gives complete 
vasomotor relaxation.*” To determine what effect the operation per se 
with local anesthesia might have on the temperature of the skin 
a series of 6 patients having various conditions requiring medical 
and surgical treatment not related to the thyroid gland or circulatory 
apparatus were used as controls. These control studies showed such 
slight variations within normal limits that we were able to conclude 
that rest in bed, an operation with local anesthesia or a repetition 


49. Cobet, R.: Die Hauttemperatur des Menschen, Ergebn. d. Physiol. 25:439, 
1925. 

50. Herrick, J. F.; Essex, H. E., and Boldes, E. J.: Effect of Lumbar Sym- 
pathectomy and Flow of Blood in Femoral Artery of Dog, Am. J. Physiol. 101: 
213, 1932. 
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of the test did not give rise to the vasomotor changes which we 
observed following total thyroidectomy. 

In the same 24 thyroidectomized patients, studies were carried 
out on the fourth postoperative day, again when clinical myxedema 
was established and later after the administration of thyroid substance. 

We observed that immediately after operation, while the patient 
still maintained the normal basal metabolic rate, there was a tendency 
to a higher initial temperature of the skin than before operation, the 
increase being an average of 1 C. in both the group with angina 
pectoris and the group with cardiac failure. Very interesting is the 
fact that throughout all the phases of study the average skin tem- 
perature of the patients with cardiac failure as a group was from 
1 to 2 C. higher than that of the group with angina pectoris. As 
regards the vasodilator ability, both groups showed an average rise 
to 31.5 C., a rise of 1 degree higher than the preoperative vasodilator 
level. We believe these changes to be due to a diminished vasomotor 
tone, with a relaxation of the smaller vessels (arterioles and capil- 
laries), thereby permitting a greater volume of blood flow through 
the vessels. 

When the patient reached the state of myxedema we observed, 
as have Talbot ** and Maddock and Coller,** that the initial temperature 
of the skin was lower than in the normal state. However, we noted that 
the vessels of their skin were capable of dilatation equal to the preopera- 
tive level in most instances, although it required a little longer time 
to reach that level. The delay was probably due to the myxedematous 
infiltration into the skin and to the slowing of the circulation. Perspira- 
tion was less at this time also. 

The feeding of thyroid substance to these patients tended to raise 
the initial temperature of the skin as well as the vasodilator response, 
although this reaction varied considerably in different persons, since they 
responded inconsistently to thyroid substance. The group with cardiac 
failure showed their best vasodilator ability after the administration of 
thyroid substance, although they were given only small amounts of thy- 
roid substance to maintain an optimum state, near myxedema. In 2 
patients with valvular heart disease the basal metabolism was brought 
back to a normal level with the administration of thyroid substance; 
both showed greatly improved peripheral circulation, having an initial 
temperature of 30.9 and 31.5 C., with a vasodilator ability to 31.9 and 
32 C., respectively. The initial temperature preoperatively (during fail- 
ure) was 29.8 and 26 C., respectively. 


51. Talbot, F. B.: Skin Temperature of Children, Am. J. Dis. Child. 42:965 
(Oct.) 1931. 

52. Maddock, W. G., and Coller, F. A.: The Role of the Extremities in the 
Dissipation of Heat, Am. J. Physiol. 106:589, 1933. 
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The results seem to indicate a definite link between the thyroid 
gland and the vasomotor apparatus. They definitely suggest’a diminished 
sympatheticotonic-adrenal activity following total thyroidectomy.*? It 
would appear that the vasodilator response in patients from whom the 
thyroid gland has been removed in toto might suggest some utilization 
of the observation in the future treatment of patients with peripheral 
vascular disease. 


MENTAL TESTS 


Simple mental tests (suggested to us by Dr. F. L. Wells) have been 
carried out to determine the variation of the more simple sensory 
and motor functions in patients with myxedema as compared to the 
preoperative normal level for each patient. The examination is made 
up of symbol-formation tests in three parallel series, devised to enable 
repetition of the examination at varying intervals without duplication. 
Each series consists of eleven tests of such simple nature as to be a 
measure of reaction time rather than of intellect, except the test of 
addition. The symbols are placed on small cards and the time recorded, 
measured in seconds, required to name the symbols. 


1. The first test consists of naming twenty actual objects, such as a comb, a 
string, a knife and other simple household articles. 

2. For naming colors there are forty colored disks, 6 mm. in diameter, of red, 
green, blue and orange. 

3. For naming digits there is a set of forty single numbers, from 1 to 9, 
arranged in double space on a card. 

4 and 5. Naming letters requires rearrangement of all letters of the alphabet, 
repeated, a total of 52 (lower case—small letters; upper case—capital letters). 

6. For naming pictured objects there are ten pictures, of simple subjects, such 
as a cow, a clock and a fish. 

7,8 and 9. These three tests are for reading the words of actual colors, objects 
and pictures named previously. 

10. The addition test requires the addition of two figures, such as 16 + 6 
or 23 + 5. 

11. The Healy test 5° is a block of 150 spaces, in each square of which the 
patient places a dot with a pencil. 


As a basis for comparison of reaction time, each test of the series 
is compared with itself at the various intervals during observation. It 
appears that the person of average intelligence and dexterity can 
perform the usual daily functions quite as well in the state of post- 
operative myxedema as before operation. In fact, the changes measured 
by the mental test in the majority of cases showed a fairly definite 
increase in mental functioning in the state of myxedema (table 3). 


53. This test, no. 19,235, is made by C. H. Stoelting Company, Chicago. 
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Goldman ** made a similar observation on another group of patients 
who underwent total thyroidectomy. In a further study of personality 
Goldman observed that the patients felt somewhat more sensitive, 
shy and lonely and were more prone to worry than they were prior to 
thyroidectomy. This increase in mental functioning was distinctly con- 
trary to the observations made in cases of spontaneous myxedema ** 
and is perhaps explained by the fact that concentration was better and 
the patients worked more deliberately and carefully and with fewer 
errors. It should also be borne in mind that the level of myxedema 
in our patients was probably never so low as that reached in persons 
with the idiopathic form and, further, that the compensation occurring 
in the cases of cardiac failure should influence the reactions favorably. 
We do not wish to predict the future mental status of the patients, 
however. 


TaBLE 3—Comparison of Reaction Time (in Seconds) in Mental Tests Before 
and After Total Thyroidectomy 


Group with Angina Pectoris Group with Cardiac Failure 
An 


Pre- During After Pre- During After 
opera- Myx- Thyroid opera- Myx- Thyroid 
Test tive edema Therapy tive edema Therapy 
Naming actual objects + 32.1 249 29. 32.6 . 30.2 
Naming digits 24.6 17.6 fi 9. . 24.2 
Naming letters (L. C.)............. 33.4 36.5 3. 39. 32.6 
Naming letters (U. C.)............. 31.5 27.4 
Naming objects in picture... 18.2 
19.0 
18.4 
Naming picture object words... ... 5.0 
Addition 


BODY WEIGHT 


That the myxedematous state carries with it an associated increase 
in body weight has been long observed. In the group with angina 
pectoris whose preoperative weight was considered normal there was an 
increase of from 0.4 to 14.8 pounds (0.2 to 6.8 Kg.), with an average 
of 6.6 pounds (3 Kg.) for the group with myxedema. After the 
administration of thyroid substance there was a continued increase 
in weight averaging 1.8 pounds (0.9 Kg.). This was, of course, because 
the patients still had some myxedema. The same change occurred in the 
group with cardiac failure, except that 3 patients (21 per cent) showed 
a loss of 4.2, 5.5 and 7.3 pounds (1.9, 2.5 and 3.3 Kg.), respectively, 


54. Goldman, N.: Personal communication to the authors. 
55. Hayward, E. P., and Woods, A. H.: Mental Derangement in Hypo- 
thyroidism, J. A. M. A. 97:164 (July 18) 1931. Sturgis.? 
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ll. Healy test (motor function vias 84.9 76.0 76.3 81.1 79.7 70.4 

328.0 391.5 361.4 350.0 424.2 
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in a myxedematous state (because of loss of the decompensation fluid ). 
The remainder showed a gain of from 6.3 to 19.5 pounds (2.7 to 
8.8 Kg.), with an average of 7.8 pounds (3.6 Kg.). Following thyroid 
therapy the gain in weight continued, with an average of 2 pounds 
(0.9 Kg.). Thus, in the 39 cases, during an average period of observa- 
tion of six months, there was an average gain of 9.1 pounds (4.2 Kg.). 


SPONTANEOUS AND INDUCED MYXEDEMA 


Observations were made on the blood cell count, hemoglobin content, 
peripheral pain, muscle weakness and blood pressure. 

An unpublished study (by L. H. V. R.) of the 100 cases of sponta- 
neous myxedema observed in the hospital during the past twenty years 
has brought to light some interesting facts for comparison with those 
of the present series of cases of myxedema resulting from total thy- 
roidectomy. 

In 26 of the 100 cases there was some form of heart disease. They 
were classified as follows: chronic myocarditis, 17; chronic cardiac 
valvular disease, 5, and angina pectoris, 4+. In the face of this it seems 
paradoxical that total thyroidectomy is being carried out for the allevia- 
tion of just such forms of cardiac disease. It is now well established 
that the total removal of a normal thyroid gland from a patient with 
cardiac failure produces a certain amount of cardiac reserve. Sufficient 
reserve is produced to make practically every patient at least ambulatory 
if the basal metabolic rate is kept sufficiently low, since the reserve 
tends to follow in inverse ratio the basal metabolic rate. When how- 
ever, cardiac failure develops in a patient who already has myxedema, 
there are no means to produce a reserve other than the general measures 
of rest, administration of morphine and depletion therapy. If these 
fail, death is prompt. This has been the case in certain patients follow- 
ing total thyroidectomy in whom there developed cardiac failure even 
in the presence of a low basal metabolic rate. Perhaps if there were 
some way to drive the basal metabolic rate down to a very low level 
in a few hours some of the fatalities could have been averted. 

While the production of cardiac reserve can be fairly readily demon- 
strated in patients with cardiac failure, objective evidence for the relief 
of angina pectoris is essentially nil. If the theory is accepted that 
anginal pain results from insufficient oxygenation of the heart muscle, 
it may be said that the decreased metabolism resulting from thyroidec- 
tomy should enable the heart to manage on the oxygen it does receive. 
It has been observed repeatedly, however, that the angina disappears 
from the moment the ablation of the thyroid gland is completed. More- 
over, we have to report our results in 1 case in which there was relief 
from angina pectoris: A woman of 49 was admitted to the hospital 


SCHNITKER ET AL—TOTAL THYROIDECTOMY 883 


in 1921, with spontaneous myxedema. In 1931 she was again admitted, 
with the diagnosis of coronary thrombosis, and since that time she 
had definite angina pectoris requiring one or two tablets of glyceryl 
tri-nitrate for each attack. Total thyroidectomy was performed on 
April 24, 1934, and the patient subsequently has had a subsidence of 
symptoms. The gland removed was composed completely of fat and 
connective tissue confined within the capsule of the thyroid gland with 
a few scattered typical thyroid follicles. 

Secondary anemia was also observed in 26 of the 100 cases of 
spontaneous myxedema. Three million, five hundred thousand red blood 
cells or less was arbitrarily set to define secondary anemia. The high 
incidence of anemia has not been duplicated in the series of cases of 
induced myxedema. The reason for this is not entirely clear, since 
no measures have been taken to combat anemia, chiefly because it 
has not been necessary. The average preoperative hemoglobin content 
in 16 cases of angina was 86 per cent, and the red blood cell count 
was 4,810,000. In the cases of induced myxedema the hemoglobin 
content was the same, and the red cell count was 4,580,000. In 11 cases 
of cardiac failure the preoperative hemoglobin content was 88 per 
cent and the red blood cell count 4,767,000, and after myxedema was 
established, 86 per cent and 4,292,000, respectively. It is to be borne 
in mind that the term myxedema as used in this paper means only 
the state of the patient before thyroid therapy is instituted. At this 
time the basal metabolism is by no means at its lowest level, and even 
after thyroid medication is begun the patient is in a state of myxedema. 
It may be that the duration of the myxedema has not been sufficiently 
long (the oldest living patient has survived just over twenty months 
since the operation) and that at a later date anemia will ensue. This 
seems to be the tendency, since the general average for the foregoing 
two groups following thyroid therapy reveals a hemoglobin content 
of 80 per cent and a red cell count of 4,193,000. The observations are 
not entirely in accord with those of Emery,®® who noted that in 
persons with spontaneous myxedema there was no relationship between 
the degree of the anemia and the duration of the disease or the 
metabolic rate. We can confirm the second of his conclusions. 

Hypertension was noted in 18 of the group with spontaneous 
myxedema. The average age for the entire group was 50.9 years; so 
the incidence of hypertension is not surprising. The average age of 
the group with angina pectoris was 58.7 years, and the incidence of 
hypertension was nearly 50 per cent. Contrary to our hopes, thyroid- 
ectomy, after an average lapse of about five months since the operation, 
has produced an elevation of about 10 mm. of mercury in both the 


56. Emery, E. S., Jr.: The Blood in Myxedema, Am. J. M. Sc. 165:577, 1923 
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systolic and the diastolic pressure, the levels being essentially the same 
during myxedema and after thyroid therapy. It was noted also that 
there was essentially no change in the pulse rate. 

A diagnosis of chronic arthritis was made in 5 of the cases of 
spontaneous myxedema. This has not been noted in the cases of induced 
myxedema as yet. It may be that after a more prolonged myxedematous 
state arthritic changes will occur. What has troubled almost all the 
patients has been muscular pain, chiefly in the legs, which in some 
instances proved a trying problem. Aminopyrine has been effective 
when its use has been necessary. Baking and massage helped some 
patients. Squatting exercises have been the only means of relief in 
others. The fact that exercise relieves the pain in some patients militates 
against the theory that arteriosclerotic changes (suddenly increased as 
a result of high cholesterol values) may be to blame. Of course, there 
is always recourse to an increase in the dose of thyroid substance to 
alleviate the pain, although this may be at the expense of a return 
of mild anginal pain or slight decompensation, as the case may be. 

It was somewhat surprising to observe 5 instances each of psychoneu- 
rosis and neurasthenia in the group with spontaneous myxedema, but 
subsequent to operation we have observed psychoneurotic tendencies 
and neurasthenia in a large proportion of the cases in the series with 
induced myxedema. The large majority of the patients are of a class 
prone to complain, but the postoperative complaint of weakness is so 
general that we are forced to believe that the operation is a factor. 

On four of the patients with spontaneous myxedema autopsy was per- 
formed. All the ductless gland material from these patients was studied 
for pathologic changes. Other than the characteristic changes in the 
thyroid, no histopathologic change of note was observed. Similar studies 
have been made on the ductless glands of the patients with myxedema 
following total thyroidectomy who died, with similar results. As _ yet 
nothing has been observed pathologically which links the thyroid with 
the other ductless glands when these are studied either during hypo- 
function or after ablation of the thyroid. 


SUMMARY AND CONCLUSIONS 


In a series of 39 patients on whom total thyroidectomy was per- 
formed for intractable cardiac disease, special laboratory studies were 
made to observe the changes in the metabolism and in the blood that 
followed the removal of a normal thyroid gland in human subjects. 

The patients were divided into three groups: those having angina 
pectoris (22), those with cardiac valvular disease in failure (15) and 
those with diabetes mellitus (2). Each patient was studied preopera- 
tively as well as postoperatively, during myxedema and after the 
administration of thyroid substance. 
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The basal metabolic rate declined after total thyroidectomy, reach- 
ing an average of —22.8 per cent in nine and nine-tenths weeks after 
operation in the group with angina pectoris. The decline in the group 
with cardiac failure occurred in eight and five-tenths weeks, with an 
average of —27 per cent. Administration of 0.015 Gm. of thyroid 
substance daily raised the level toward normal, usually in from three 
to four weeks. 

The cholesterol content of the blood rose after total thyroidectomy, 
reaching an average level of 404 mg. per hundred cubic centimeters of 
blood in the group with angina pectoris in the state of myxedema. The 
group with cardiac failure showed an average increase to 315 mg. per 
hundred cubic centimeters of blood. The values declined following 
thyroid medication. 

An inverse ratio exists between the fall in the basal metabolic rate 
and a rise in the cholesterol content of the blood following thyroid- 
ectomy, which need not be simultaneous and cannot be expressed on an 
absolute mathematical basis. The level of cholesterol in the blood appears 
to be a better index of the thyroid function than is the basal metabolism. 

Total thyroidectomy was followed by a striking decrease in the vital 
capacity in 50 per cent of the patients with angina pectoris, the 
capacity returning to normal within one week. In the entire group with 
angina pectoris, who were otherwise normal, induced myxedema caused 
uo appreciable change in the vital capacity. Sixty per cent of the group 
with cardiac failure showed an average increase of 24 per cent in vital 
capacity when in a myxedematous state; the remaining 40 per cent 
showed no appreciable change. 

A slowing of the volume of blood flow to — 43 per cent as compared 
with normal flow occurred in the group with angina pectoris in a 
myxedematous state. The group with cardiac failure showed a similar 
change, but the slowed velocity in persons with decompensation masks 
that associated with myxedema. The administration of thyroid sub- 
stance caused an increased velocity of blood flow, which was superseded 
by a fall if decompensation ensued. 

The following results of chemical analyses of the blood were noted: 
1. The calcium and phosphorus content fluctuated considerably but 
remained within normal limits. Tetany did not follow removal of the 
parathyroid glands in several cases. The calcium content need not be 
lowered below normal limits with early signs of deprivation of para- 
thyroid substance. 2. The value for total protein was lowered to the 
lower limits of normal in cases of induced myxedema. The value was 
not altered by thyroid medication. The albumin-globulin ratio remained 
unaltered. 3. The potassium content varied in both directions but 
remained relatively constant following total thyroidectomy. 4. Persons 
with normal thyroid glands as well as those with induced myxedema 
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showed a great variation in the iodine content (16 patients). Immediately 
following total thyroidectomy there was an increase in the iodine con- 
tent; the value reached a peak in from three to six days (2 patients) 
and then declined to normal. 5. No significant changes in tolerance for 
sugar occurred either early or later following total thyroidectomy in 12 
nondiabetic patients. Two patients with mild diabetes mellitus were 
distinctly benefited by total thyroidectomy. 

It appears that total thyroidectomy has a distinct influence on 
patients with a deranged tolerance for sugar, tending to increase the 
tolerance, but has no appreciable effect on the nondiabetic patient as 
regards sugar metabolism. 

There was diminished vasomotor tone, with relaxation of the 
smaller blood vessels, most pronounced shortly after removal of the 
thyroid gland. In persons with induced myxedema vasomotor relaxa- 
tion was less pronounced, but with the associated diminished metabolic 
demands on the tissues, an inadequate circulation was found to become 
adequate. 

Patients with induced myxedema appear to show an increased 
mental function as compared to the preoperative mental state. This 
is offset by the patients becoming more sensitive, shy and prone to 
worry. The patients are thought to work with better concentration 
and deliberation when in a myxedematous state. 

The group with angina pectoris gained an average of 6.6 pounds 
(3 Kg.), and the group with cardiac failure gained an average of 7.8 
pounds (3.6 Kg.) with myxedema as compared to the preoperative 
weight. 

In a separate review of 100 cases of spontaneous myxedema, cardiac 
disease occurred in 26 per cent. In 1 patient with angina pectoris, 
total thyroidectomy relieved the pain. 

In a comparison of spontaneous and induced myxedema, it was 
noted that for the length of time the patients were followed up induced 
myxedema does not cause the degree of anemia observed in the group 
with spontaneous myxedema. Total thyroidectomy was followed by an 
elevation of 10 mm. of mercury in both the systolic and the diastolic 
blood pressure, although there was no essential change in the pulse 
rate. 

Postoperative muscular pains in the legs followed total thyroid- 
ectomy; these were relieved by thyroid medication or exercise. 

Histologic studies of associated ductless glands of patients who 
died of spontaneous or induced myxedema revealed no pathologic 
changes which could link the other glands with thyroid hypofunction. 


EXPERIMENTAL RENAL’ INSUFFICIENCY PRODUCED 
BY PARTIAL NEPHRECTOMY 


IV. CREATINE CONTENT OF HYPERTENSIVE HYPERTROPHIED 
HEARTS OF RATS FED WHOLE DRIED MEAT 


ALFRED CHANUTIN, Pu.D. 
AND 
STEPHAN LUDEWIG, Pu.D. 


UNIVERSITY, VA. 


Factors affecting the creatine concentration of the ventricles of the 
heart have been studied in experimental animals? and in human sub- 
jects.” The present investigation was undertaken to study the deposition 
and concentration of creatine in the cardiac muscle of the rat when 
there were wide variations in the amount of whole dried meat in the 
animal’s diet and when cardiac hypertrophy was produced secondary 
to hypertension after partial nephrectomy.* 


METHODS 


The rats used in this study were of the Wistar stock and were maintained on 
a stock diet until they were between 60 and 70 days old. At that time they were 
subjected to a two stage operation, and immediately thereafter they were placed on 
one of the experimental diets listed in table 1. These diets differed only in the 
percentage of the whole dried meat which was the principal source of protein. 
To prepare the whole dried meat, lean meat was ground without loss of juice 
from the tissue, dried in a large steam-heated container and ground to a fine 
powder; it was found to be impossible to dry the ground meat at a constant tem- 
perature.* A quantitative record of the intake of food was not attempted. A 
maximum of eight rats was allowed to a cage, and food and water were always 
available. When the animals were killed, at varying intervals after operation, 
they were all in good health and were more than 4 months old. 


From the laboratory of physiologic chemistry, University of Virginia. 

This investigation was aided by a grant from the National Live Stock and 
Meat Board. 

1. (a) Cowan, D. W.: Proc. Soc. Exper. Biol. & Med. 31:417, 1934; (b) 
Am. J. Physiol. 109:312, 1934. (c) Bodansky, M., and Pilcher, J. F.: Proc. Soc. 
Exper. Biol. & Med. 32:597, 1935. 

2. Cowan, D. W.: Am. Heart J. 9:378, 1934. Seecof, D. P.; Linegar, C. R., 
and Myers, V. C.: Difference in Creatine Concentration of the Left and Right 
Ventricular Cardiac Muscles, Arch. Int. Med. 53:574 (April) 1934. 

3. Chanutin, A., and Ferris, E. B., Jr.: Experimental Renal Insufficiency 
Produced by Partial Nephrectomy: I. Control Diet, Arch. Int. Med. 49:767 
(May) 1932. 

4. We are indebted to the Valentine Meat Juice Company of Richmond, Va., 
for preparing this meat. 
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Details of the operative procedure used to produce hypertension have been 
reported elsewhere.2 The experimental animals were anesthetizéd with ether, and 
subtotal nephrectomy was performed by placing a loop of thread around each 
pole of the left kidney and then tightening the loops to stop the circulation of 
two thirds or more of this kidney. A week later the right kidney was excised 
Two types of control animals were used: Unilaterally nephrectomized rats had 
the left kidney exposed and replaced, and after a week the right kidney was 
removed; non-nephrectomized rats were subjected to the procedure of exposure 
and replacement of both kidneys. 

The blood pressure in the carotid artery was taken before the rat was killed 
by exsanguination. The ventricles of the heart were separated from the atria, 
blotted free from blood, weighed, cut up and dropped into acid. The creatine 
content of the ventricles was determined by the method described by Rose, Helmer 
and Chanutin 5 for the determination of total creatinine. 


TABLE 1—Composition of Diets in Grams per Hundred Grams 


Salt Cod Liver 
Dried Meat Starch Mixture* Oil 
10 1 62 5 4 5 


52 4 
40 32 Hi 4 5 
80 ee 4 5 


* Osborne and Mendel. 
The degree of hypertrophy of the heart was expressed by the formula 


heart weight 4” 100, which represents the number of milligrams of cardiac tissue 
surface area 


per hundred square centimeters of surface area. Similarly, fetal creatine < 100 was 
surtace area 

calculated to express the creatine content of the heart with reference to the surface 

area. The surface area was calculated by the formula of Lee® from the weight 


of the animal at the time of killing. 


RESULTS 


Table 2 presents the maximum, minimum and average values for the 


total creatine 


weight ratio, the ratio and the creatine concentration ot 
the ventricles for each dietary group of control animals. These values 
were highest in the rats fed the M 10 diet and lowest in the group ted 
the M 80 diet. In general, however, the average values for each group 
closely approximated the average for the entire control series, and thus 
it appeared that the creatine concentration was not appreciably influ- 
enced by the percentage of whole dried meat in the diet. The values 
for creatine concentration obtained in these experiments were unaccount- 


ably higher than were those obtained in previous analyses.* 


5. Rose, W. C.; Helmer, O. M., and Chanutin, A.: J. Biol. Chem. 75:543 
1927. 

6. Lee, M. O.: Am. J. Physiol. 89:24, 1929. 

7. Chanutin, A., and Silvette, H.: J. Biol. Chem. 80:589, 1928. 


M10 
M 20 
M 40 
M 80 
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Table 3 compares the maximum, minimum and average values for 
igh : otal creatine : 
the ratio, the tacteatine ratio and the creatine concentration 


surface area surface area 


of the ninety-three partially nephrectomized rats without hypertrophy 
with the same values for the thirty-two experimental animals with 


TABLE 2 


-x 100 


Creatine 
Concentration 


Total Creatine 


Surface Area 


No. of Animals 


Surface Area 


Minimum 
Maximum 

Average 

Minimum 

Maximum 

Average 

Minimum 

Maximum 

Average 

Minimum 

Maximum M 
Average 

Average for entire group.... 


TABLE 3.—Data for Partially Nephrectomized Animals 


Surface Area 


Concentration 


No. of Animals 
Creatine 


Mg. per 
100 Gm. 
Minimum oe “ 248 Heart weight 


Maximum § 7 356 


: ratios in normal ranges for all diets 
Surface area 
Average 


Maximum 
Surface area 
Average 


ratios above normal range forall diets 


definite hypertrophy. Cardiac hypertrophy was not considered definite 
unless the Peart weight ratio exceeded the highest value obtained in the 
same control dietary group. The percentage of creatine concentration 
of the ventricles in the two groups of experimental animals is not 
appreciably different from the values obtained for normal rats, but the 


total creatine 
surface area 


ratio increases when the ““—““*™ ratio increases. 


surface area 


Data for Control Animals 
x 
~ | 
z | 
a x | | 
Mg. per 
Mg. Mg. 100 Gm. 
162 48 253 
18 185 .63 388 
171 52 304 
146 43 232 
16 200 09 322 
176 1 287 
147 43 262 
20 202 59 330 
171 50 293 
145 37 232 
21 187 56 318 
164 45 273 
170 49 280 
= 
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Chart 1 shows the relationship between the weight of the heart and 
the total creatine content in the control and partially nephrectomized 
animals fed the various meat diets. The relatively high total creatine 


ATINE 


® 


TOTAL CRE 


700 800 900 1000 _ 1100 MG. 
HEART WEIGHT 


Chart 1.—The relationship between the weight of the heart and the total 
creatine content in the control animals and in those which had been partially 
nephrectomized. The type of diet is indicated by the shading of the circle. 
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ratio for each animal in the entire series. The type of diet is indicated by the 
shading of the circle. 


Chart 2.—The relationship between the 
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values for the animals on the M 10 diet are apparent; an explanation 
of this observation is difficult since the hearts were not hypertrophied 
and these animals received the diet which was lowest in creatine. It is 
obvious that there is a direct relationship between the weight of the 
heart and the total creatine content for the series as a whole. 

The relationship between the weight patig and the ratio 

surtace area surface area 
of each animal in the entire series is presented in chart 2. It is seen 
that the majority of the creatine ratios were between 45 and 60 when 
the eu OSCE! ratios were below 200. As the weight of the heart increases 
per unit of surface area, the total creatine for this unit of surface area 
also increases. In other words, the cardiac hypertrophy of experimental 
hypertension is accompanied by a roughly proportional increase in the 
total creatine content. 
COMMENT 


Hypertrophy of the heart can be best demonstrated by relating the 
weight of the heart to the surface area.’ An analogous relationship is 
applicable to the creatine content of the heart by relating it to the sur- 
face area. The advantage in considering surface area for evaluating 
the creatine content of the heart can be illustrated by two control animals 
without cardiac hypertrophy, in which the total creatine values were 
3.08 and 1.71 mg., respectively. When the respective areas of 547 and 
306 square centimeters were considered in the ratio Anal Geis < 100, 
the respective values were 0.56 and 0.56, which demonstrated that the 
creatine content per hundred square centimeters of surface area was 
the same regardless of the size of the animal. In a similar manner, 
calculation of the tal stentine ratios for hypertrophied hearts demon- 
strated that the creatine content per hundred square centimeters of sur- 
face area was higher. 

The value of interpreting the deposition of creatine in relation to the 
size of the animal can be emphasized by reference to two publications 
of Cowan. In his study of cardiac hypertrophy produced in rats by 
nutritional anemia, Cowan ™ noted that the creatine content of the ven- 
tricles was the same for “anemic” rats and “litter mate” controls, but 
less for “size” controls. He concluded that “in the anemic rats the 
creatine was added to the heart at the normal growth rate, while the 
muscle mass increased more rapidly.” However, if the creatine values 
of these groups are related to the surface areas, both size and litter 
mate control groups have almost identical average creatine values, and 
the hypertrophied hearts of anemic rats show a considerably higher 


8. Chanutin, A., and Barksdale, E. E.: Experimental Renal Insufficiency Pro- 
duced by Partial Nephrectomy: II. Relationship of Left Ventricular Hypertrophy, 
the Width of the Cardiac Muscle Fiber and Hypertension in the Rat, Arch. Int 
Med. 52:739 (Nov.) 1933. 
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figure, indicating that this type of hypertrophy is accompanied by an 
increased deposition of creatine. In reporting the other investigation, 
Cowan ?” expressed the belief that there was a loss of creatine from 
the heart in rats with acute and chronic hyperthyroidism and hypo- 
thyroidism. However, by similarly introducing the factor of size, it was 
found that appreciably less deposition of creatine occurred only in the 
animals with acute hyperthyroidism. Bodansky and Pilcher ** recently 
showed a lowered total creatine content in the hearts of rats with hyper- 


total creatine 


thyroidism, but the ane EROS of these hearts showed no appre- 
ciable difference between the control and the experimental animals. 


SUMMARY AND CONCLUSIONS 


The creatine content of the hearts of intact, unilaterally nephrec- 
tomized and partially nephrectomized rats, with and without cardiac 
hypertrophy, was determined after feeding diets containing 10, 20, 40 
and 80 per cent of whole dried meat. 

Within the experimental conditions of this study, it seems that the 
creatine concentration of the ventricles is independent of the percentage 
of creatine in the diet. Further it appears that the total creatine con- 
tent of the heart increases in approximately direct proportion as the 
size of the heart increases, whether normally or as the result of experi- 
mental hypertension; hence it follows that the creatine concentration 


remains fairly constant. The creatine content of the heart per unit of 
surface area is increased in hypertensive hypertrophy. This indicates 
that the increase in the weight of the heart in hypertrophy resulting 
from hypertension is due to an increase in muscular tissue. 


1 


COOPERATIVE CLINICAL STUDIES IN THE TREAT- 
MENT OF SYPHILIS: CARDIOVASCULAR 
SYPHILIS 


I. UNCOMPLICATED SYPHILITIC AORTITIS: ITS SYMPTOMATOLOGY, 
DIAGNOSIS, PROGRESSION AND TREATMENT 


HAROLD N. COLE, M.D. 
CLEVELAND 
AND 
LIDA J. USILTON,* M.A. 
WASHINGTON, D. C. 


WITH THE COOPERATION OF JOSEPH EARLE Moore, M.D., Baltimore; Pau A. 
O'Leary, M.D., Rochester, Minn.; JoHN H. Stokes, M. D., Philadelphia ; 
Upo J. Wire, M.D., Ann Arbor, Mich.; THomMAs Parran Jr.,* M. D. 
and R. A. VonperteHR,* M.D., Washington, D. C. 


Probably no syphilitic involvement of the human body is more tre- 
quently overlooked than that of the cardiovascular system. Of all types, 
uncomplicated syphilitic aortitis undoubtedly is the most frequently 
ignored. This is due, to some extent, to a longer or shorter silent period 
of the disease and also to insufficient attention on the part of the physi- 
cian to premonitory signs and symptoms. As one of us? recently said: 
“The medical students crowd about the cor bovinum and the hat-box 
aneurysm; they observe with enthusiasm the thrill, the buzzing and 
whirring, the heave, the sound of the pistol shot. Seldom indeed does 
one find an equal degree of absorption or an equal frequency of demon- 
stration of the still, small signs and symptoms of the preventable onset 
of syphilitic cardiovascular disease.” Many pathologists, among them 
Langer,? Guldberg * and Warthin,* have emphasized the high percentage 


The names with an asterisk represent members of the United States Public 
Health Service; the names without an asterisk represent members of the Coopera- 
tive Clinical Group. 

From the syphilis clinics of the Western Reserve University, the Johns Hopkins 
University, the Mayo Clinic, the University of Pennsylvania and the University of 
Michigan, assisted by the United States Public Health Service, with the financial 
support of an anonymous donor. 

1. Stokes, J. H.: Modern Clinical Syphilology, ed. 2, Philadelphia, W. B. 
Saunders Company, 1934, pp. 1018, 1923, 1057 and 1059. 

2. Langer, E.: Die Haufigkeit der luetischen Organveranderungen insbe- 
sondere der Aortitis luetica, Mtinchen. med. Wchnschr. 73:1782, 1926. 

3. Guldberg, G.: Ueber Sektionsbefunde bei Syphilitikern, Arch. f. Dermat. 
u. Syph. 166:730, 1932. 

4. Warthin, A. S.: The Lesions of Latent Syphilis, South. M. J. 24:273, 1931. 
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of syphilitic involvement of the cardiovascular apparatus as revealed 
at autopsy: in from 55 to 86 per cent of all patients with syphilis. More- 
over, in Guldberg’s material from 8,235 autopsies there was evidence 
of syphilis in 481 cases, or 5.8 per cent, and it was the cause of death 
in 349. In 58 per cent of the cases of syphilis there was evidence of 
vascular syphilis. In 261, or 54 per cent, it was the primary condition, 
and of these it was the cause of death in 218. Stokes! said: “From 
the pathologic physiology of syphilis, it is difficult to understand how 
the heart and great vessels can ever escape involvement.” And yet, how 
many patients are brought to autopsy, and there for the first time 
cardiovascular syphilis is revealed ! 

Are the requirements for a diagnosis too rigorous? Are diagnostic 
methods as yet too crude? Is the acumen of the clinician at fault? Per- 
haps all three play a part, and there is no doubt that a higher percentage 
of cases would be revealed by more thorough history-taking and exami- 
nations. At any rate, a large proportion of cardiovascular syphilis is 
discovered after the damage is done. Because of the generally recog- 
nized necessity for diagnosing cardiovascular syphilis in its earliest stage, 
the members of the Cooperative Clinical Group have examined the 
cardiovascular data for 10,614 syphilitic patients who were treated for 
more than six months. This material comprises observations on cases 
of syphilis in early and in late stages and of latent syphilis. However, 
the group of patients with syphilis in a late stage is limited principally 
to those with syphilitic involvement of the central nervous system or 
the cardiovascular system. 

MATERIAL 

There is included in table 1 the number of cases in which the diagnosis was 
uncomplicated syphilitic aortitis, aortic regurgitation, aortitis with aneurysm or 
myocarditis, showing the frequency of cardiovascular involvement in 6,253 patients 
with syphilis in a late stage 5 or latent syphilis who had been under observation or 
treatment for six months or longer. Of the entire group, there were 619 cases, 
or 9.9 per cent, in which cardiovascular syphilis was manifested on admission or 
subsequently developed. The largest group was that of cases of uncomplicated 
syphilitic aortitis and included 307 cases, or 4.9 per cent; the second was that of 
cases of aortic regurgitation, with 257 cases, or 4.1 per cent; the third, that of cases 
of aortitis with saccular aneurysm, comprising 73 cases, or 1.2 per cent, and a 
small group of 53 cases or 0.8 per cent, of myocarditis. 

There were 326 patients with uncomplicated syphilitic aortitis, 307 of whom 
were admitted with syphilis in a late stage or latent syphilis for whom the diag- 
nosis was made on admission or in whom the condition developed subsequently 
and 19 of whom were admitted with the early stage of syphilis and acquired 
uncomplicated syphilitic aortitis while under observation or treatment. 


5. The cases of late syphilis are exclusive of those of benign late syphilis or 
syphilis of bone or the skin, syphilis of the upper respiratory tract, glands, eyes 
or viscera, other than cardiovascular syphilis. Therefore, the percentages repre- 
sent only the relative frequency of cardiovascular manifestations in the race and 
sex groups considered. 


] 
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OBSERVATIONS 


Influence of Sex, Race and Age.—The influence of race and sex 
on the frequency of uncomplicated syphilitic aortitis may be observed 
in table 1. In white males and females, the frequency was practically 
the same, being 3.7 and 3.5 per cent, respectively. For Negroes the 
frequency was 13.8 per cent in males and 8 per cent in females. The 
observation that the Negro is more prone to cardiovascular syphilis has 
been confirmed in the material of the Cooperative Clinical Group, this 
manifestation being nearly three times more frequent in Negroes than 
in white persons. This greater frequency of cardiovascular involvement 


TABLE 1.—Influence of Race and Sex on the Frequency of Syphilitic Cardiovascular 
Involvement in 6,253 Patients Admitted with Late® or Latent Syphilis 


Cardiovascular Diagnosis on Admission Patients Patients 
Uncomplicated Aortic Aortitis ‘Cardio- with Late > 

Syphilitie Regurgi- with vascular or Latent 
Aortitis tation Myocarditis Aneurysm Involvement* Syphilis 
Per- Per- 
cent- cent- 
age 


100.0 
100.0 


100.0 


100.0 
100.0 


100.0 


100.0 
100.0 


Grand total.... 307 A 5 73 6 9. 100.0 


* If a patient was admitted with a diagnosis of more than one cardiovascular involvement 
the case was included in each diagnosis but is counted as 1 case in the total. 


+ This does not include 23 patients who were admitted with early syphilis and in whom 
cardiovascular involvement developed. 


in the Negro has often been attributed to the more strenuous labor 
performed by the Negro man than by the white man. However, the 
material of the Cooperative Clinical Group did not contain any infor- 
mation with regard to the occupation of the patients. 

Of the 326 patients in whom uncomplicated syphilitic aortitis was 
detected, 9 per cent had this involvement before the age of 30. In 
patients in the age group from 35 to 45 the highest incidence was found, 
39 per cent. There was a small group (3 per cent) in whom this late 
manifestation of syphilis appeared after the age of 65. 

Early Detection of Uncomplicated” Syphilitic Aortitis—Several 
reports of very early cardiovascular involvement in persons with syphilis 


Sex and 
Race 

Male: 

3.7 135: 3.7 24 0.7 31 09 2938 8.1 3,602 | 

13.8 12.1 15 3.1 30 6.3 148 31.0 478 

4.9 193 4.7 89 1.0 61 1.5 441 10.8 4,080 
Female: 

i 3.5 38 2.6 6 0.4 6 0.4 90 6.1 1,487 | | 

55 8.0 26 3.8 § 1.2 6 0.9 12.8 686 

TWHahcciuciiss W 4.9 64 2.9 14 0.6 12 0.6 178 8.2 2,173 | 
Total: 

3.7 173 3.4 30 0.6 37 0.7 383 7.5 5,089 | 

MP ccs. 10.4 84 72 23 20 36 3.1 236 20.3 1,164 
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have been made. Reid * reported a case in which a young man infected 
in June gave definite evidence of aortic involvement*by August and 
enough signs for a positive diagnosis by September, three months after 
infection. Brooks * observed a case in which death resulted from per- 
foration of the aorta just above the valves before the secondary eruption 
was fully developed. 

In the present material of 186 cases of uncomplicated syphilitic 
aortitis in which the duration of the syphilitic infection was known, 
the process had developed to the point of detection in 19, or 10 per 
cent, in less than five years. There was no case in which the syphilitic 
infection was of less than one year’s duration. In 3 instances this 
complication was diagnosed in the second year of infection. One of the 
patients had not received any treatment prior to the detection of uncom- 
plicated syphilitic aortitis ; 1 had received from seven to twelve injections 
of an arsenical with an interim course of a heavy metal, intermittently 
given, and in the third case twenty-six injections of an arsenical with 
an interim course of a heavy metal had been administered intermittently. 
However, in these cases there was a questionable diagnosis of mild 
aortitis. In the three year period, 3 patients with this complication 
were seen. One patient had not been treated; 1 had received from 
thirteen to eighteen injections, and 1, twenty-five injections, of an 
arsenical, with an interim course of a heavy metal, both irregularly given. 
In the four year period, 7 patients with this complication were seen. 
Four of the patients had not had any treatment: 1 had received from 
one to six injections of an arsenical, with an interim course of a 
heavy metal, irregularly given, and 2 had received from seven to twelve 
injections of an arsenical, with an interim course of a heavy metal, 
likewise irregularly given. In the five year period, there were 6 cases: 
One patient had not been treated, 1 had received from one to six injec- 
tions; 1, from thirteen to eighteen injections; 1, from nineteen to 
twenty-four injections, and 2, twenty-five or more injections, of an 
arsenical, with an interim course of a heavy metal, all irregularly given. 
In this series it was noted that good treatment of syphilis in the early 
stage prevented the development of uncomplicated syphilitic aortitis 
within the first five years of the disease. 

Observations on the Blood and Spinal Fluid.—Serologic tests of 
the blood within ten days before or after the detection of uncompli- 
cated syphilitic aortitis were made in 255 cases, and tests of 72 per cent 
of this number gave positive results. Any degree of positivity of the 
reaction of the blood serum was considered to be a positive reaction. 


6. Reid, William D.: Specific Aortitis, Boston M. & S. J. 188:67 and 105, 
1920. 
7. Brooks, Harlow: Syphilis of the Heart, Am. J. Syph. 5:217, 1921. 
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The effect on the Wassermann reaction of-the blood of treatment 
received prior to the detection of uncomplicated syphilitic aortitis was 
studied. Of the cases of syphilis in which no treatment or an unknown 
amount of treatment had been given, there was a positive Wassermann 
reaction of the blood in 83 per cent at the time of recognition of the 
cardiovascular syphilis. When more than eighteen injections of an 
arsenical, with an interim course of a heavy metal, had been given 
prior to the detection of the uncomplicated syphilitic aortitis, the per- 
centage of cases in which there was a positive Wassermann reaction of 
the blood dropped to 52. 

Numerous studies emphasizing the close relationship between cardio- 
vascular syphilis and involvement of the central nervous system have 
been made. Of the 191 cases of uncomplicated syphilitic aortitis in 
which lumbar punctures were made within a month of the detectiqn of 
aortitis, unquestionable abnormalities of the spinal fluid were present in 
93, or 49 per cent. In this computation the -reaction was classified as 
positive only when theré*yas frank evidence of involvement of the 
spinal fluid. The examination of the spinal fluid consisted of a Wasser- 
mann test, a test for globulin, a colloidal gold test and a cell count. 
While the number of cases is small, it is noted that the percentage of 
such positive tests among white women was more than twice as high 
as that noted among Negro women. This difference, while significant, 
was not so marked between white and Negro men, being 63 and 43 per 
cent, respectively. 


Diagnostic Methods—The principal symptoms and signs in the 
records of the Cooperative Clinical Group of cases of cardiovascular 
syphilis with a diagnosis of uncomplicated syphilitic aortitis are given 
in the order of their importance: 


. Teleroentgenographic and fluoroscopic evidence of aortic dilatation 

. A tympanitic, bell-like tambour accentuation of the aortic second sound 
. A history of circulatory embattassment 

. Increased retromanubrial dulness 

. Progressive cardiac failure 

. Substernal pain 

. Paroxysmal dyspnea § 


It is observed that in patients known to be syphilitic and with no evi- 
dence of mitral disease these signs and symptoms are similar to those 
on which Carter and Baker ® based the criteria for the diagnosis of 


8. Two other signs of value were frequent enough to be mentioned; systolic 
murmur in the aortic valve area and visibly or palpably increased pulsation in the 
episternal notch. 

9. Carter, Edward P., and Baker, Benjamin M., Jr.: Certain Aspects of 
Syphilitic Cardiac Disease, Bull. Johns Hopkins Hosp. 48:315, 1931. 
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aortic regurgitation and aneurysm. This was subsequently reported by 
Moore, Danglade and Reisinger,’® who limited their study to cases of 
uncomplicated syphilitic aortitis. The latter authors expressed the 
opinion that the presence of three or more of these signs and symptoms 
in a syphilitic patient under 50 years of age, free from mitral disease 
and with no hypertension, is strong evidence for the diagnosis of uncom- 
plicated syphilitic aortitis and that the presence of any two of them 
renders the diagnosis probable. 


Roentgen Findings on Admission or on Progression.—There has 
been much discussion in the literature as to the value of roentgen exami- 
nation in diagnosing uncomplicated syphilitic aortitis. Some clinicians 
do not even employ the method. Undoubtedly there is a silent stage 
of aortitis during which the roentgen rays may be of little or no value. 
On the other hand, there are certain cases in which roentgen examina- 
tion may add much presumptive evidence to other findings. 


Concomitant Syphilis —One of the objectives of this study was to 
ascertain the frequency with which cardiovascular syphilis coexists with 
other manifestations of the disease. It is possible that the frequency 
with which syphilis involves not only the circulatory system but other 
systems may be of great aid in leading the physician to suspect and 
possibly to identify other manifestations as syphilitic. 

Of the 326 cases studied, nothing more than uncomplicated syphilitic 
aortitis was evident in 160; evidence of the disease having attacked other 
organs or systems in the body was noted in 166. Apparently concomitant 
involvement of the skin is infrequent, as it was observed in only 4 
per cent of the cases; similarly, osseous involvement was noted in only 
5 per cent, and involvement of the viscera other than the cardiovascular 
organs occurred in only 2 per cent. Ocular involvement other than that 
associated with syphilis of the central nervous system was noted in 0.6 
per cent of the cases. The most important fact noted was the fre- 
quency of involvement of the central nervous system in connection with 
cardiovascular syphilis. It has been mentioned in a previous paragraph 
that among 191 cases of uncomplicated syphilitic aortitis in which an 
examination was made of the spinal fluid the test was positive in 93, 
or 49 per cent. With combined clinical and laboratory findings it was 
estimated that of the 326 cases there was evidence of involvement of 
the central nervous system in 146, or 45 per cent. In 25 per cent of 
the 326 cases the involvement of the central nervous system was 
parenchymatous, a finding that has been emphasized in the past by 


10. Moore, J. E.; Danglade, J. H., and Reisinger, J. C.: Diagnosis of Syphilitic 
Aortitis Uncomplicated by Aortic Regurgitation or Aneurysm, Arch. Int. Med. 
49:753 (May) 1932. 
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various writers, particularly by Stokes! and Moore’ of this group. 
In 9 per cent of the cases there was evidence of asymptomatic syphilis 
of the central nervous system, in 3 per cent, of meningeal neurosyphilis ; 
in 5 per cent, of vascular neurosyphilis, and in 5 per cent, of diffuse 
meningovascular neurosyphilis. It cannot be too strongly emphasized 
that in the presence of cardiovascular syphilis particular stress should 
be laid on the confirmation or the exclusion of involvement of the cen- 
tral nervous system; and, vice versa, in the presence of syphilis of the 
central nervous system the physician should exercise extreme care to 
make sure that he is not dealing with cardiovascularMyphilis as well. 
This is particularly true when, as will be seen later, the factor of treat- 
ment is brought into the picture. If the physician should institute some 
of the accepted measures for treatment of syphilis of the central nervous 
system which ordinarily are used in the beginning of treatment, the same 
measures might be considered most radical from the standpoint of 
treatment of cardiovascular involvement and might lead to disastrous 
results. 

Prophylaxis of Cardiovascular Syphilis by Treatimaent of Syphilis in 
the Early Stages —Of 3,641 cases in which treatment was given during 
the early stages of the disease, cardiovascular syphilis developed subse- 
quently in 26 cases, or less than 1 per cent. In most of the cases (22) 
only uncomplicated syphilitic aortitis developed and there was no 
further progression. When an adequate amount of treatment had been 
given during the early stages of syphilis, regardless of whether the 
treatment was given regularly or irregularly, aortic regurgitation or 

aneurysm did not develop in a single case. This emphasizes the value 
of treatment of syphilis in the early stage in the prevention of late and 
crippling manifestations of the disease. 

Since 71 per cent of the cases of early syphilis, however, have not 
geen followed for more than three years, there is a strong probability 
that in many of these cases cardiovascular syphilis will be detected as 
the period of observation is extended. In this series of cases of early 
syphilis in which treatment had been received, 935 patients were followed 
for a period of from three: to ten years, and in 15, or 1.6 per cent, 
cardiovascular syphilis developed. Of 105 patients followed from ten 
to twenty years, cardiovascular syphilis developed in 7, or 6.7 per cent. 
The detailed findings as related to treatment in the early stages of 
syphilis are given in table 2. It is apparent from these findings that 
the patient adequately and regularly treated for early syphilis and fol- 
lowed from three to twenty years after infection will be almost exempt 


11. Moore, J. E.: Modern Treatment of Syphilis, Springfield, Ill., Charles C. 
Thomas, 1933, p. 292. 
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from cardiovascular involvement. Moreover, there was no case of 
aneurysm or of aortic regurgitation in the group. 

Outlook With Treatment.—With the exception of a few writers, it 
seems to have been the consensus, in the United States at least, that the 
outlook in cases of uncomplicated syphilitic aortitis is grave. On the 


TasBLe 2.—Prophylactic Value of Early Treatment in the Prevention of Cardio- 
vascular Syphilis 


Patients in Whom Cardiovascular 
ia of Syphilis Developed Subsequently 
me 


Amount* and Patient Was Patients Uncompli- 
Scheme of Followed with cated Aortic 
Treatment During from Time of Early Syphilitie Regurgi- Myo- 
Early Syphilis Infection Syphilis Aortitis tation carditis Total 


Inadequate and irregular Less than 8 yr. 334 1 
3 to 10 yr. 216 8 

10 to 20 yr. 38 6t 
20 yr. and more 1 


16 


1 
1 
2 
1 


Inadequate and regular Less than 3 yr. 
3 to 10 yr. 
10 to 20 yr. 
20 yr. and more 


Adequate and irregular Less than 8 yr. 
3 to 10 yr. 
10 to 20 yr. 
20 yr. and more 


Adequate and regular Less than 3 yr. 
3 to 10 yr. 
10 to 20 yr. 
20 yr. and more 


Less than 3 yr. 
8 to 10 yr. 

10 to 20 yr. 

20 yr. and more 


* Less than twenty injections of arsphenamine, with an interim course of a heavy metal, 
constitutes inadequate treatment; more than this amount constitutes adequate treatment. 
t In 1 case the condition progressed to aortic regurgitation, and in 1, to myocarditis. 


other hand, Moore and Metildi ** in this country and Grant ** in England 
particularly emphasized the fact that treatment may greatly change the 
prognosis. 

Several factors should be taken into consideration when one attempts 
to attribute prolongation of life to the effectiveness of varying amounts 


12. Moore, J. E., and Metildi, P. F.: Uncomplicated Syphilitic Aortitis: 
Diagnosis, Prognosis and Treatment, Arch. Int. Med. 52:978 (Dec.) 1933. 

13. Grant, R. T.: After Histories for Ten Years of One Thousand Men 
Suffering from Heart Disease: A Study in Prognosis, Heart 16:275, 1933. 


a 1 
9 
1 6 
1 
589 1 17 
1,293 1 
197 1 1 
158 1 1 2 
41 1 1 
: Total........ 818 5 3 
893 1 ici te 1 
323 1 1 

985 14 1 aS 15 - 
105 it 1 1 7 
5 1 1 

Totel........ 368 24 8 1 26 
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of therapy administered after the detection of cardiovascular syphilis. 
These are: first, whether the patient’s physical condition on admission 
permitted this type of therapy and, second, whether the patient remained 
under treatment for a sufficient length of time to permit evaluation of 
the therapy. In order to overcome these two distorting factors, the 
cases which were followed for less than one year, whether the patient 
died or lapsed from treatment, were eliminated from the tabulation of 
the end-results of treatment. This precaution having been taken, the 
periods of treatment and observation for both the living and the dead 
patients were determined. Since proportionately the same numbers of 
living and dead patients had been followed throughout each of the 
periods of treatment and observation, it can be assumed that theapro- 


TABLE 3.—Effectiveness of Treatment After Detection of Uncomplicated sociale 
Aortitis in the Prolongation of Life * 


Amount of Treatment oe Average Duration of Life 
After Detection of y After Detection of 
Aortitist Living Dead, All Causes Aortitis, Months 


“arsenicalf Heavy Metal Number Percentage Number Percentage ‘Living Dead Total 


Little Little 49 76.6 15 
8 

87.5 5 

89.1 14 


84.3 42 15.7 


* This includes observations only on cases in which treatment or obserg:sigion was con- 
tinued for one year or more. 

+ The amount of treatment includes that received from the time of detection of the 
uncomplicated syphilitic aortitis to death, or, if the patient was living, to the end of the 
observation. 

» ¢ Little for injections of an arsenieal means less than thirteen injecfipns (inadequate), and 
. much, thirteen injections or more (adequate). Little for heavy metal%tivmns less than twenty 
injections or weeks of rubs (inadequate) and much, twenty or more injections or weeks of 
rubs (adequate). 


longation of life was to some extent dependent on the varying amounts 
of treatment. Adequate treatment was considered to be thirteen or 
more injections of an arsenical, with twenty or more injections of a 
heavy metal, administered after the detection of the uncomplicated 
syphilitic aortitis. 

In table 3 it will be observed that an adequate amount of both the 
arsenical and the heavy metal was essential in obtaining the greatest 
prolongation of life (eighty-five months) from the time of detection 
of uncomplicated syphilitic aortitis to death.-When an inadequate amount 
of either drug was administered in combination with an adequate 
amount of the other, the average duration of life dropped from eighty- 
five to fifty-six months. When little or no modern therapy was given 
after the detection of the uncomplicated syphilitic aortitis, the average 
duration of life was only thirty-four months. 


22.9 56 56 56 
12.5 66 56 65 
10.9 60 85 62 
| 
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Outcome from the Standpoint of Adequate and Inadequate Therapy. 
—In table 4 the outcome for patients who were living at the time of 
the last check-up is given in terms of freedom from symptoms, progres- 
sion of symptoms and signs and development of graver types of cardio- 
vascular involvement, and for those who had died, an indication of 
whether or not the cause of death was the result of the cardiovascular 
condition having progressed to aortic regurgitation or aneurysm. 

Treatment is indicated as adequate or inadequate and the amount 
includes that which was given from the detection of uncomplicated 


TABLE 4.—Outcome in Cases of Uncomplicated Syphilitic Aortitis * 


Amount of Arsenical Treatment from 
Detection to End of Observation 


Inadequatet Adequate 


Duration — Duration 
Per- of Life, Per- 
Outcome of Last Observation Number centage Mo. Number centage 


Living: 
Free from symptoms; no progress 
Progress in signs or symptoms.... 
Aortic regurgitation or aneurysm { 
No data (living at last report).... 


Total living 


Dead: 
Died of aneurysm or aortic regur- 
gitation 
Died of other forms of cardiovas- 
cular syphilis 
Died probably of cardiovascular 
syphilis 
Other known causes or cause of 
death not reported 5 14.7 é 15 


22.6 19 


100.0 165 100.0 


* This includes cases of patients followed for one year or more after the detection of 
uncomplicated syphilitic aortitis. 

t+ Less than thirteen injections of arsphenamine, with an interim course of a heavy metal, 
constituted inadequate treatment; more than this amount was adequate. 

t The amount of treatment includes that administered down to the time of progression. 


syphilitic aortitis to the termination of the case. Adequate treatment is 
defined as including thirteen or more injections of an arsenical, with 
an interim course of a heavy metal, and inadequate treatment includes 
less than thirteen injections, with an interim course of a heavy metal. 
Of the patients who were inadequately treated, 77 per cent were still 
living, with an average duration of fifty-three months since the detec- 
tion of cardiovascular involvement. Of the patients who were ade- 
quately treated, 89 per cent were still living, and the average duration 
of life was increased to sixty-two months. Twenty-three per cent of 
the patients inadequately treated died, and the average duration of life 
was forty-two months, while 12 per cent of the adequately treated 


50 49.0 51 104 63.0 56 

i 9 8.8 ll 27 16.4 72 
6 5.9 56 10 6.1 98 

14 13.7 25 5 3.0 50 

53 146 88.5 62 

0.6 92 

12 22 

0.6 67 

9.1 84 

63 
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patients died, and the average duration of life was seventy-seven months. 
In other words, treatment almost doubled the duration of life of per- 
sons with a condition that is considered to have a grave outlook. 

It was found that 49 per cent of the patients inadequately treated 
were still living and free from symptoms and that there had been no 
progression of the uncomplicated syphilitic aortitis, whereas among 
those adequately treated, 63 per cent were still living and free from 
symptoms. The length of time over which these patients were followed 
after the detection of uncomplicated syphilitic aortitis was slightly 
higher for the adequately treated patients, being fifty-six months as 
compared with fifty-one months for patients inadequately treated. Ade- 
quate therapy also appeared to be more successful in the prevention of 
death from cardiovascular syphilis than did inadequate treatment after 
the detection of uncomplicated syphilitic aortitis. In 2.4 per cent of 
the cases in which treatment was adequate cardiovascular syphilis was 
either definitely or probably the cause of death, as compared with an 
incidence of 7.9 per cent ‘fn cases in which the patient had been inade- 
quately treated. Thus a review of the cases followed to death indicated 
that adequate therapy for uncomplicated syphilitic aortitis not only prac- 
tically doubled the duration of life but also lessened the frequency of 
cardiovascular syphilis as the cause of death. 


Influence of Doses of Arsenical on Outcome.—Apparently it is true 
that adequate treatment with an arsenical and an interim course of a 


heavy metal is of great value in the management of uncomplicated 
syphilitic aortitis. Nevertheless there is much discussion among syphi- 
lologists and internists as to what constitutes proper treatment. Some 
physicians even prefer to exclude arsphenamine entirely ; others believe 
that if the arsenical, especially neoarsphenamine; is adrninistered 
cautiously and in small doses a proper and beneficial action will result. 

An analysis of the effect of the size of the dose was made in a total 
‘of 166 cases in which arsphenamine and neoarsphenamine were the 
predominant arsenicals used in treatment. While small doses appear 
to have had little effect in preventing further progression, there was a 
definite prolongation of life in.such cases. There were 121 cases in 
which large doses were administered with an average duration of life 
of fifty-three months, while in the 45 cases in which small doses were 
administered, the average duration of life: was seventy-three months. 
Thus, there is indicated a greater prolongation of the average duration 
of life with the small dose than with the large one. The data suggest 
that in the treatment of uncomplicated syphilitic aortitis the physician 
will wisely limit his use of arsenicals to small doses in an effort to 
prolong life. It is not possible to overwhelm the syphilitic process in 
the aorta by the use of large doses of an arsenical. Moreover, the 


> 
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unwise use of large doses may bring on what Wile ** termed a thera- 
peutic paradox. This is especially true if the arsenical’ is employed at 
the beginning of treatment. There is at first a temporary improvement 
in the patient’s condition, but it may eventually result in so much 
distortion of the aortic walls and leaflets than an even more serious con- 
dition will remain than that from which the patient suffered originally. 
With the use of smaller doses there is more opportunity for a gradual 
“healing sclerosis” of the walls of the vessel. Or, as Stokes? stated: 
“A progressive disability is exchanged for an arrested and static one.” 

Effect of Treatment on Further Progression —Table 5 indicates that 
of the 267 patients followed for one year or more after the detection 
of uncomplicated syphilitic aortitis, 183, or 69 per cent, had received 
no arsenical treatment or only a little heavy metal therapy previous to 
the detection of uncomplicated syphilitic aortitis; 19, or 7 per cent, 
of the total number had received nineteen or more injections of an 
arsenical, with an interim course of a heavy metal. Two of these 
patients, however, had syphilis in the early stage, and only 1, for whom 
there was a questionable diagnosis of aortitis, had received regular 
treatment of twenty or more injections of an arsenical, with an interim 
course of a heavy metal, for the early stage of syphilis. In the other 
case, twenty-four injections had been given during the early stage, but 
there were frequent lapses throughout the course of treatment. 

No further progression from uncomplicated syphilitic aortitis was 
noted in 90 per cent of the 267 cases. 

Progression of uncomplicated syphilitic aortitis to aortic regurgita- 
tion occurred in 7.1 per cent of the cases; to myocarditis in 2.2 per 
cent, and to aortitis with saccular aneurysm in 1.5 per cent. In the 
group of patients in whom the condition advanced to aortic regurgita- 
tion (19), it is remarkable that 15 had received no treatment or only 
a little heavy metal previous to the development of the uncomplicated 
syphilitic aortitis. After the detection of the syphilitic cardiovascular 
involvement, advancement to aortic regurgitation occurred in 7 of these 
19 patients after they had received more than eighteen injections of an 
arsenical, with an interim course of a heavy metal. Of the 6 patients 
in whom the condition advanced to myocarditis, only 1 had had previous 
therapy; after the diagnosis, 3 of this group had received more than 
eighteen injections of an arsenical, with an interim course of a heavy 
metal. Of the 4 patients in whom the condition advanced to aortitis with 
saccular aneurysm, 3 had not received any previous treatment, though 
all 4 had had thirteen or more injections of an arsenical, with an interim 


14. Wile, U. J.: Treatment of Syphilitic Liver and Heart, Am. J. M. Sc. 
164:415, 1922; Principles Underlying Treatment of Cardiovascular Syphilis, Am. 
Heart J. 6:157 (Oct.) 1930. 
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course of a heavy metal, from the time of the detection of an uncom- 
plicated syphilitic aortitis to the time of progression, and 3 of the 4 
had had more than eighteen doses. 


TaBLe 5.—Effect of Treatment on Further Progression of Uncomplicated 
Syphilitic Aortitis 


Arsenical Treatment Before Detection 


Doses 


Arsenical Treatment* 25 
from Detection 7-12 13-18 19-24 More Total 


No further progression 
Living 
None, or heavy metal only... 


Mromrwwe 
| m: 


Dead: a] causes 
None, or heavy metal only... 


NeDOAW 


1 2 


Type of Progression and Arsenical Treatment Previous to Detection 


Aortitis 


Aortie ith Progressions, 


Myo- 
Regurgitation carditis Aréurysm Total Cases 


> 
= 
= 
Zz 


2 
e 
o & 
os 
ae 


> 


Progression 
Arsenical Treatment 
from Detection 
to Progression 


Doses or 


Doses or 
More 


None, or Heavy 
More 


Metal Only 

1-6 Doses 

13-18 Doses 
19-24 Doses 
None, or Heavy 
Metal Only 

1-6 Doses 

13-18 Doses 
19-24 Doses 
Grand Total 


2 
25 


Living 
None, or heavy metal only 


| 


& 


None, or heavy metal only 
lto 6 doses 


* The amount of treatment is that received from the time of detection of uncomplicated 
syphilitic aortitis to the end of the observation. 
t In 26 cases there were twenty-nine progressions. 


Forty-two, or 16 per cent, of the 267 patients died. The cardiovascu- 
lar syphilis was definitely or probably the primary cause of death of 12; 
2 died of an aneurysm or aortic regurgitation and 9 of some other 


None, or 
po 12 3 2 2 25 
ll 2 1 17 
29 2 are 3 46 
20 3 2 29 
25 doses or more.............. 46 3 “a os 59 
ll 6 8 207 
25 doses or more.............. 6 
Dead 
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form of cardiovascular syphilis, and cardiovascular syphilis was the 
probable cause of death of 1. All these patients had been irregularly 
or poorly treated previous to their admission to the clinic with syphilis 
in a late stage. 

Probably the most striking fact that is brought out in table 5 is 
the greater absence of progression from uncomplicated syphilitic aortitis 
among patients who had received more than six injections of an 
arsenical, with an interim course of a heavy metal, before the clinical 
detection of the cardiovascular syphilis. 

It is interesting to note in table 6 that 82 per cent of the patients 
were followed for one year or longer after the detection of uncompli- 
cated syphilitic aortitis, 63 per cent for two years or longer and 38 per 
cent for five years or longer. The highest percentage of instances in 
which the condition advanced to graver forms of cardiovascular syphilis 
occurred among the patients followed from two to five years. 


TaBLe 6.—Progression of Cases of Uncomplicated Syphilitic Aortitis in Indicated 
Years of Treatment and Observation 


Cases Completing Indicated Cases in Which 
Years of Treatment- Progression 
Observation Life Occurred 


Years of Treatment and Observation - ,o 
from Detection of Aortitis Number Percentage Number Percentage 


Symptomatic Relief —Of the 326 patients whose cases comprise this 
study, 173, or 53 per cent, complained of symptoms of cardiovascular 
syphilis. Of the cases in which thirteen or more injections of an arseni- 
cal, with an interim course of a heavy metal, were administered, symp- 
tomatic relief was achieved in 67 per cent as compared with only 22 
per cent in which no specific treatment was given and 38 per cent in 
which less than thirteen arsenical injections, with an interim course of 
a heavy metal, were given. Comparable forms of medical regimen for 
the treatment of cardiac disease were used in all cases, regardless of 
whether antisyphilitic treatment was administered. Of the 153 cases 
in which the condition was reported as asymptomatic, symptoms 
developed in 16 per cent with subsequent improvement in 52 per cent 
following therapy. 

A patient was considered to have had symptomatic relief if one, or 
more, of the severe symptoms was relieved and if there was no evidence 
of progression. In determining the proportion of persons experiencing 
symptomatic relief, the number of patients was not limited to those who 


96 29.4 3 
} 
29 8.9 2 
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had been under observation and treatment for a year or more, because it 
was felt that symptomatic relief can well be indicated in a period much 
less than one year. 

TREATMENT 


In the light of the data furnished, the important point which should 
be brought out is that of prophylactic treatment of this disease, accept- 
ing the dictum that probably most persons with the late stage of syphilis 
have a pathologic change in the aorta, as has been revealed at autopsy. 
There were only 2 clinical cases of this complication, in one of which 
it was questionable, observed in patients who during the early stage of 
syphilis had been adequately and regularly treated with more than twenty 
injections of an arsenical, with an, interim course of a heavy metal. 
Realizing, as one must, that cardiovascular syphilis is one of the most 
frequent causes of disability and death from syphilis, the physician 
by thorough and continuous treatment with an arsenical and a heavy 
metal in the early stage of syphilis, should prevent the beginning of this 
grave complication in his patient. The treatment should consist of 
at least from twenty to thirty injections of an arsenical drug and an 
appropriate amount of heavy metal, according to the standardization of 
treatment of syphilis in the early stage, published by the Cooperative 
Clinical Group."® 

Once the diagnosis of syphilitic aortitis is established, the physician 
must be guided by the conditions found. Under no circumstances should 
severe reactions to treatment be risked. These might result in a local 
Herxheimer reaction, or again, with too large doses of an arsenical, 
there might be danger of a therapeutic paradox, as we suggested in 
certain cases of this series. In fact, the study showed that the slowly 
healing sclerosis of Stokes, with its static disability, was better achieved 
with small doses of an arsenical than with larger doses and added an 
average of twenty months to the life of a patient. Though the study 
does not directly indicate it, the average patient with uncomplicated 
syphilitic aortitis, in view of the aforementioned observations, should 
have a preliminary course of “treatment with injections of either a 
soluble or an insoluble preparation of a heavy metal over a period of 
two or three months. Potassium iodide may be given by mouth at the 
same time. Following this, a cautious institution of arsenical therapy 
in small doses may be tried. If the patient stands this therapy without 
any untoward effects, the practice in the clinics consists in the adminis- 
tration of alternate courses of an arsenical and a heavy metal. The 
extent to which this type of therapy should be carried out depends on the 


15. Stokes, J. H., and others: Standard Treatment Procedure in Early Syphilis, 
Ven. Dis. Inform. 15:149 (April) 1934; J. A. M. A. 102:1267 (April 21) 1934. 
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patient’s condition at the time he is first seen and on his reaction to 
treatment. Rest may be an absolute indication for a time, and restric- 
tion of physical activity for a period may be required. Decompen- 
sation must be avoided at all costs. Naturally, even after specific therapy 
is discontinued, such a patient should be kept under close observation 
throughout life. 

Severe Reactions Resulting from Arsenical Treatment—The 326 
patients with uncomplicated syphilitic aortitis received a total of 5,313 
arsenical injections. Twelve showed a severe reaction, or a rate of 2.25 
per thousand injections. The reactions consisted of crustaceous der- 
matis in 4 patients; icterus in 4; ocular damage in 3, and purpura 
haemorrhagica in 1. Crustaceous dermatitis resulted from the use of 
neoarsphenamine in 2 cases and from the use of arsphenamine in 2. 
In three cases icterus resulted from the administration of old arsphen- 
amine, and in 1, from neoarsphenamine. In all 3 cases of ocular damage 
the condition was due to the administration of tryparsamide employed in 
the treatment of concomitant syphilis of the central nervous system. 
Purpura haemorrhagica, which was mild, was due to the administration 
of sulfarsphenamine. 

SUMMARY 


The frequency of incidence of uncomplicated syphilitic aortitis is 4.9 
per cent in patients admitted to the clinic with latent syphilis or syphilis 
in the late stage (exclusive of benign late syphilis of the bones or skin 
and syphilis of the viscera other than the cardiovascular organs). The 
total number of patients with uncomplicated syphilitic aortitis was 326. 
The manifestation was observed nearly three times more frequently in 
Negroes than in white patients. 

Ten per cent of the patients in whom uncomplicated syphilitic aortitis 
was detected had had the infection for less than five years. 

The Wassermann reaction of the blood was positive in 72 per cent 
of the cases. There were unquestionable abnormalities of the spinal 
fluid in 49 per cent of the cases in which examination was made. 

Of 935 patients with the early stage of syphilis followed for a period 
of from three to ten years, cardiovascular syphilis developed in 1.6 per 
cent; among 105 patients followed for from ten to twenty years, car- 
diovascular syphilis developed in 6.7 per cent. However, among the 
patients who were followed from three to twenty years, none of the 
graver forms of cardiovascular syphilis developed if treatment had 
been adequate and regular during the early stages of syphilis. 

It was noted that treatment definitely improved the outlook in 267 
patients followed for one year or more after the detection of uncom- 
plicated syphilitic aortitis. 
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The average duration of life in patients who died had been increased 
from thirty-four to eighty-five months when adequate treatment had 
been given after the detection of uncomplicated syphilitic aortitis. 

Of patients adequately treated after the detection of uncomplicated 
syphilitic aortitis, 63 per cent were living and free from symptoms, with 
no progression of the cardiovascular syphilis, as compared with 49 per 
cent of those inadequately treated. 

Cardiovascular syphilis was definitely or probably the cause of death 
in 7.9 per cent of the patients inadequately treated after the detection 
of uncomplicated syphilitic aortitis, as compared with 2.4 per cent of 
those adequately treated. 

The average duration of life for patients who had been treated with 
small doses of arsenicals was twenty months longer than that for 
patients who had been treated with large doses. 

In cases of uncomplicated syphilitic aortitis it is well to give a pre- 
liminary course of injections of a soluble or an insoluble preparation of 
heavy metal. 
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One of the gravest cardiovascular complications of syphilis is that 
of aortic regurgitation. A complicating aortitis is always present ; occa- 
sionally an aneurysm accompanies the picture, and all too often there 
is secondary myocarditis or congestive heart failure. The tendency in 


the United States seems to be to put even a graver prognosis on this 
disease than is done in England. Scott + estimated the duration of life 
for patients with untreated aortic regurgitation at from one to two 
years from the onset of symptoms. On the other hand, Moore and his 
co-workers,” in their recent report of statistics, gave the average dura- 
tion of life from the onset of symptoms to death or the last observa- 
tion as thirty months with little or no treatment administered, while the 
time was increased to sixty-four months with adequate treatment of 
more than one year. In the first paper of this series on cardiovascular 
syphilis, observations on uncomplicated syphilitic aortitis from the stand- 
point of symptomatology and outcome following treatment have been 


The names with an asterisk represent members of the United States Public 
Health Service; those without an asterisk represent members of the Cooperative 
Clinical Group. 

From the syphilis clinics of the Western Reserve University, the Johns Hopkins 
University, the Mayo Clinic, the University of Pennsylvania and the University of 
Michigan, assisted by the United States Public Health Service, with the financial 
support of an anonymous donor. 

1. Scott, R. W.: Syphilitic Aortic Insufficiency, Arch. Int. Med. 34:645 
(Nov.) 1924. 

2. Moore, J. E.; Danglade, J. H., and Reisinger, J. C.: Treatment of Cardio- 
vascular Syphilis, Arch. Int. Med. 49:879 (June) 1932. 
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reported by us as the Cooperative Clinical Group. The present paper 
deals with the group’s material on aortic regurgitation. An analysis of 
the symptoms, physical signs, roentgenologic findings and electrocardio- 
graphic observations in cases of syphilitic aortic regurgitation has been 
omitted purposely. The discussion is confined to the results obtained 
with modern antisyphilitic therapy. 


MATERIAL 


Among 6,253 patients admitted to the clinics with syphilis in a late stage? or 
with latent syphilis who were treated or observed for a period of six months or 
longer, there were 619 who manifested on admission or subsequently showed 
some form of cardiovascular syphilis, 257 of whom, or 4.1 per cent of the 6,253 
patients, had aortic regurgitation. Three additional patients came into the clinic 
and subsequently showed aortic regurgitation, making a total of 260 patients with 
this symptom in the entire group of patients with cardiovascular syphilis.® 


Influence of Observations and Sex.—The group of 257 patients with 
aortic regurgitation consisted of 173, or 3.4 per cent, of 5,089 white 
patients and 84, or 7.2 per cent, of 1,164 Negroes admitted to the five 
cooperating clinics with latent syphilis or syphilis in a late stage (prin- 
cipally involvement of the cardiovascular and central nervous system). 
Thus, aortic regurgitation was observed twice as frequently in Negro 
as in white patients. It was found that among the males the difference 
was even more marked, as 3.7 per cent of the male patients were white 
and 12.1 per cent, or over three times as many, were Negro. In females 
the incidence was 2.6 per cent in white patients and 3.8 per cent in 
Negroes. The frequency was higher in males than in females, being 
4.7 and 2.9 per cent, respectively. The fact that a Negro engages in 
more strenuous physical labor than does a white man undoubtedly 
influences to some extent the relatively higher frequency of cardiovas- 
cular syphilis in the Negro. 

Duration of Infection on Detection of Syphilitic Aortic Regurgita- 
tion.—Among the total of 260 patients with aortic regurgitation, there 


3. The cases of syphilis in the late stage are exclusive of those of benign 
involvement of bone or the skin or-those of syphilis of the upper respiratory tract, 
eyes, glands or the viscera other. than cardiovascular involvement. Therefore, the 
percentage represents only the relative frequency of cardiovascular syphilis in the 
population groups considered. 

4. The criteria for the diagnosis of aortic regurgitation and aneurysm used 
by this group are in accord with those established by Carter and Baker (Bull: : 
Johns Hopkins Hosp. 48:315, 1931). sty 

5. In the five cooperating clinics a total of 642 patients with cardiovascular 
involvement had been under treatment for at least six months. There were also 
349 additional patients with cardiovascular syphilis who were seen for less than 
six months and whose cases are not included in our analysis. Of the 349 patients, 
the condition in 145 was diagnosed as aortic regurgitation and of these 40 per 
cent died before six months had elapsed. : 
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were 142, or 55 per cent, in whom the duration of the infection was 
known. It is interesting that in 3 cases the condition developed within 
five years of infection. Aortic regurgitation was observed most fre- 
quently in the period from twenty to thirty years after infection. 

Serologic Findings in the Blood and Spinal Fluid—When serologic 
tests of the blood were made within ten days of the detection of the 
aortic regurgitation the results in 85 per cent of the cases showed some 
degree of positivity. This high percentage of positive Wassermann 
tests is in contrast to the 72 per cent noted in the cases of uncomplicated 
syphilitic aortitis. 

Lumbar punctures were made on 133 of the 260 patients ; the spinal 
fluid showed a definite abnormality in 62 per cent. This percentage 
is higher than that noted in our preceding study of uncomplicated syphi- 
litic aortitis (49 per cent). 

Concomitant Syphilitic Involvement of Systems Other Than the 
Cardiovascular System.—It is well known that frequently in cases of 
cardiovascular syphilis there is concomitant involvement of the central 
nervous system. Forty-four per cent of the patients with aortic regurgi- 
tation had coexisting syphilis of the central nervous system, either 
asymptomatic or symptomatic. A similar condition was noted among 
the patients with uncomplicated syphilitic aortitis. It probably would 
be well to state that the 62 per cent with positive reactions of the spinal 
fluid, mentioned in the preceding paragraph, represented only 82 
patients. No doubt the puncture was carried out principally when there 
was some clinical evidence of syphilis of the central nervous system. In 
the group of 260 patients with aortic regurgitation, 114, or 44 per cent, 
showed either clinical or laboratory evidence of syphilis of the central 
nervous system. 

Treatment Prior to Detection of Aortic Regurgitation—Among the 
260 patients, 178, or 69 per cent, had had no treatment or only a little 
heavy metal, and an additional 13, or 5 per cent, gave a history of an 
unknown amount of arsenical treatment. One may well raise the ques- 
tion: Why is it that aortic regurgitation is not noted more frequently 
in patients who have had treatment? The therapy must be a factor in 
the presence or absence of the disease. 

Of the 82 patients who had received therapy prior to the detection 
of aortic regurgitation, 50 had had less than thirteen arsenical injections, 
with an interim course of a heavy metal, and of the 32 patients who had 
received thirteen or more arsenical injections, with an interim course 
of a heavy metal, only 19 had received this treatment prior to the appear- 
ance of cardiovascular syphilis. 

Outcome of Treatment of Syphilitic Aortic Regurgitation—In 
determining the end-results of treatment, the cases of patients who 
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had been under observation or treatment for a period of less than one 
year were excluded from the study. This action was taken to meet 
the possible criticism that the person who received much treatment did 
so because his physical condition on beginning treatmeyt was better and 
therefore the prolongation of life was more dependent on this factor 
than on the efficacy of the indicated amounts of treatment. After this 
exclusion was done, it was found that proportionately the number of 
patients who died and those still living had had an equal opportunity 
for treatment. 

Treatment after the detection of syphilitic aortic regurgitation was 
considered under four groupings: (1) an inadequate amount of arsphen- 
amine and a heavy metal; (2) an inadequate amount of arsphenamine 
and an adequate amount of a heavy metal; (3) an adequate amount 


TasLe 1.—Effectiveness of Treatment After Detection of Aortic Regurgitation 
in the Prolongation of Life * 


Amount of Treatment * Patients Average Duration of Life 
After Detection of lam 5 aon ~ After Detection of Aortic 
Aortie Regurgitationt Living Dead, All Causes Regurgitation, Months 


“ Arsenical Heavy Metal Number Percentage Number Percentage ‘Living Dead Total 
Little Little é 38 40 
68. 4 
39 


53 55 


44 47 


* This and the following tables include only the cases of patients who were under treat- 
ment or observation for one year or more. 

+ Little for arsenical injections means less than thirteen (inadequate), and much means 
thirteen or more (adequate). Little for a heavy metal means less than twenty injections 
or weeks of rubs (inadequate), and much means twenty or more (adequate). 


of arsphenamine and an inadequate amount of a heavy metal, and (4) 
an adequate amount of both drugs. Less than thirteen injections of 
arsphenamine and less than twenty injections of a heavy metal were 
considered inadequate ; more than these amounts was adequate. 

In table 1 the cases of 191 patients who had been under observation 
or treatment for a period of one year or longer are listed, both for 
those who are living and for those who died, in terms of the amount 
of treatment administered after the detection of aortic regurgitation 
and the average prolongation of life effected through the administration 
of treatment. As the prolongation of life through treatment for the 
living and that for the dead patients is similar, and as the highest pro- 
portion of those still living had received adequate amounts of arsphen- 
amine and a heavy metal, the effectiveness of treatment has been 
evaluated on the basis of the total number of patients rather than on the 
small number who died. 


Much Much 59 80.8 14 19.2 56 Ld 
73.8 50 26.2 49 
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When inadequate amounts of arsphenamine and a heavy metal were 
administered after the detection of aortic regurgitation, there was an 
average duration of life of forty months, which period increased to 
fifty-five months when adequate treatment was administered. Since 
this difference is statistically significant and since precautions have been 
taken to eliminate the cases of patients who remained under treatment 
or observation for an insufficient length of time, it appears from the 
limited material studied that adequate treatment after the detection of 
aortic regurgitation definitely prolongs life. 

An interesting observation of the effectiveness of a heavy metal 
in treatment was made through the comparison of the condition of the 
patients who received an adequate amount of both drugs with the con- 
dition of those who received an adequate amount of arsphenamine and 
an inadequate amount of heavy metal. An increase from forty to fifty- 


TABLE 2.—Outcome in Cases of Aneurysm and Aortic Regurgitation in Which 
There Was Congestive Heart Failure Before Beginning Treatment * 


Average Duration of 
Life from Onset of 
Total Cardiovascular 
Number of Dead, Syphilis to 

Cases Living All Causes 
Congestive A —~ Last Ob- 
Heart Failure Per- - Per- servation 
Before Num- cent- - - Num- cent- on Living 

Treatment age ber be age Patient Death 


100.0 J 42.0 33 mo. 30 mo. 
100.0 24.2 45 mo. 47 mo. 


100.0 2, 27.4 43 mo. 42 mo. 


* This is exclusive of 26 cases in which data relative to the presence or absence of congestive 
heart failure before treatment were not reported. 


five months was noted. These data indicate that an adequate amount 
of both the heavy metal and the arsenical is highly desirable in the 
treatment of this grave form of cardiovascular syphilis. 

The Factor of Congestive Heart Failure in Cases of Aneurysm and 
Aortic Regurgitation —It is well known to the internist and to the 
cardiologist that congestive heart failure is one of the most important 
factors which enter into the problem of cardiovascular syphilis, espe- 
cially aortic regurgitation and aneurysm. In table 2 are given data on 
a total of 281 cases of aneurysm and aortic regurgitation for which 
information with regard to the presence or absence of congestive heart 
failure before treatment was noted. Two hundred and four patients 
were living and 77 were dead (all causes). Forty-two per cent of the 
patients in whom congestive heart failure was present died, and the 
average duration of life was thirty months; when congestive heart fail- 
ure was not present (24 per cent) about one-half as many died, and 
the average span of life was increased to forty-seven months. Con- 


50 
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gestive heart failure in a case of aneurysm or aortic regurgitation 
therefore adds greatly to the seriousness of the prognosis. 

Congestive heart failure was found to increase the gravity of the 
prognosis of aortic regurgitation or aneurysm, regardless of whether 
it occurred before, during or after treatment (table 3). Of the patients 
in whom it was present, 33 per cent died as a result of the syphilitic 
cardiovascular condition; an additional 12 per cent died of some other 
or an unknown cause, whereas in the absence of congestive heart failure 
only 5 per cent of the patients with aortic regurgitation or aneurysm 
died of cardiovascular syphilis, and 15 per cent died of some other or 
unknown cause. 

It was found that if the patient had had an attack of congestive 
heart failure he would be more likely to have a recurrence of this ,com- 
plication than if he had never previously experienced an attack. Among 


TABLE 3—Outcome in Cases of Cardiovascular Syphilis As Influenced by the 
Presence of Congestive Heart Failure Before, During and After Treatment 


we" 
Total Heart Failure 
Number of Heart Failure Present at 
Cases Never Present Some Time 
A A alters 


‘Number Percentage ‘Number Percentage Sumber ‘Percentage 


Living 203 73.0 
Dead of cardiovascular syphilis... 36 13.0 
Dead of other or unknown cause... 39 14.0 


278* 100.0 


* This is exclusive of 29 cases in which data relative to the presence or absence of con- 
gestive heart failure were not reported. 


the 195 living patients who had aortic regurgitation or aneurysm on 
admission, 30 per cent of those who had had congestive heart failure 
experienced a second attack, as compared with only 9 per cent ef the . 
patients in whom this complication had never occurred. Of the 72 
patients who died, 89 per cent of those who experienced a previous 
attack had a recurrence, as contrasted with 25 per cent of patients in 
whom this condition had been absent. 


Symptomatic Relief Obtained in Cases of Aortic Regurgitation — 
A patient is recorded as having obtained symptomatic relief if one or 
more of his severe symptoms has been alleviated, if no other severe 
symptoms have developed or if the original symptoms have not become 
worse. The patients studied were not limited to those followed for 
one year or more after the detection of syphilitic aortic regurgitation, 
since it is believed that symptomatic relief can be experienced in a shorter 
period. Such relief was found by 30 per cent of the patients who had 
received less than thirteen injections of an arsenical, with an interim 
course of a heavy metal, while of those who had received thirteen or 
more injections, relief was obtained by 60 per cent. Comparable forms 


Outcome 

160 80.0 . . 43 55.1 
10 5.0 26 33.3 
30 15.0 9 11.6* 

200 100.0 78 100.0 

4 


916 ARCHIVES OF INTERNAL MEDICINE 


of medical regimen for the treatment of cardiac disease were followed 
in all cases, regardless of whether antisyphilitic treatment was admin- 
istered. 

Treatment of Syphilitic Aortic Regurgitation—It has been men- 
tioned that 69 per cent of the 260 patients with aortic regurgitation had 
had no treatment, or only a little heavy metal, previous to the diagnosis. 
Moreover, among the other 31 per cent, the treatment had been irregu- 
larly administered during many years, with long lapses and generally 
with little arsenical medication, or else with treatment given after the 
patient showed syphilitic cardiovascular involvement. The physician 
should prevent aortic regurgitation by thorough, continuous treatment 
of syphilis in the early stage, giving adequate and regular treatment 
of at least from twenty to thirty injections of an arsenical and an appro- 
priate amount of a heavy metal, preferably bismuth, as outlined in 
“Standard Treatment Procedure in Early Syphilis.” ° 

If aortic regurgitation is already established the physician must gov- 
ern his procedure by the condition of the heart. If the patient shows 
exertional dyspnea or cyanosis he should be placed in bed for a period 
of a month or more and careful treatment of the syphilis should be 
instituted. All risks of reaction to treatment, even a severe gastric upset, 
must be avoided. An intramuscular injection of either a water-soluble 
preparation of bismuth or a mercury compound may be given every 
other day, or an injection of an insoluble salt weekly, for a period of 
from eight to ten weeks, administering potassium iodide by mouth at 
the same time. If the patient seems to respond to this treatment, it 
may then be possible to start arsenical therapy very cautiously in the 
form of neoarsphenamine, to avoid a therapeutic paradox or a Herx- 
heimer reaction. Arsphenamine is probably too strong in such cases, 
at any rate in the beginning. At the first sign of intolerance or decom- 
pensation arsenical therapy should be stopped. The first dose of neo- 
arsphenamine should be 0.05 Gm., and the dose should be gradually 
increased to from 0.3 to 0.45 Gm. maximum, with injections weekly 
for a course of twelve doses. This course of an arsenical may then 
be followed with from ten to twelve weekly injections of an insoluble 
bismuth salt, such as bismuth salicylate, or of a water-soluble salt sus- 
pended in oil, e. eg., sodium potassium bismuth tartrate, 0.1 Gm., or of 
a liposoluble preparation. Moore, Danglade and Reisinger? in such a 
case advised against routine lumbar puncture unless there is outspoken 
clinical evidence of neurosyphilis. The cardiovascular condition is more 
important than asymptomatic neurosyphilis. If the patient stands treat- 


6. Stokes, J. H., and others: Standard Treatment Procedure in Early Syphilis: 
Résumé of Modern Principles, Ven. Dis. Inform. 15:149 (April) 1934; J. A. M. A. 
102:1267 (April 21) 1934. 
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ment well, alternating courses of neoarsphenamine and bismuth may 
be continued for some time. Naturally, such‘a patient must be kept 
under close observation, as there is danger at all times of a cardiac 
breakdown. His activity must be restricted, and with the evidence of 
cardiac failure suitable measures are indicated. Certain patients are 
unable to tolerate any arsenicals, and the attending physician is forced 
to depend on injections of bismuth or inunctions of mercury and potas- 
sium iodide. There is some difference of opinion on the vaiue of arseni- 
cals for a patient with anginoid symptoms. Certainly the arsenicals 
must be used with exceptional caution. However, in a small series of 
24 patients with anginoid symptoms on admission, the best results were 
obtained with thirteen or more injections of an arsenical, with an interim 
course of a heavy metal. "ae 

Reference has been made to the frequent concomitant involvement 
of syphilis of the central nervous system with cardiovascular syphilis. 
It is possible that the cardiovascular syphilis thay be more or less 
obscured at the first examination. In this instance, if the physician 
immediately institutes arsenical treatment for syphilis of the central 
nervous system, there is the possibility that either therapeutic shock 
or a cardiac therapeutic paradox, such as that described: by Wile,’ may 
result. Because of this possibility, it is recommended that all patients 
with latent and tertiary syphilis, especially those with syphilis of the 
central nervous system, be examined carefully from the standpoint of 
cardiac involvement. Moreover, one may well begin therapy with a 
heavy metal and with potassium iodide if there is the least suspicion 
of a cardiovascular syphilitic complication. 


SUMMARY 


There were 260 cases of syphilitic aortic regurgitation in the entire 
group of cases of cardiovascular syphilis. Two hundred and fifty-seven 
patients were admitted with latent syphilis or syphilis in the late stage 
(principally with involvement of the cardiovascular or the central ner- 
vous system), and an additional 3 patients admitted with syphilis in the 
early stage were detected during treatment in these clinics. 

The frequency of aortic regurgitation in patients who had been under 
observation or treatment for six months or longer and who were 
admitted with syphilis in the late stage (principally with involvement 
of the cardiovascular or central nervous system) or with latent syphilis 
was 4.1 per cent. 


7. Wile, U. J.: Treatment of Syphilitic Liver and Heart, Am. J. M. Sc. 164: 
415, 1922; Principles Underlying Treatment of Cardiovascular Syphilis, Am. 
Heart J. 6:157 (Oct.) 1930. 


918 ARCHIVES OF INTERNAL MEDICINE 


Aortic regurgitation was observed twice as frequently in the Negro 
as in the white patients ; the incidence was more than three times higher 
in Negro men than in white men. 

Aortic regurgitation was observed most frequently from twenty to 
thirty years after infection. 

The Wassermann reaction of the blood showed some degree of posi- 
tivity in 85 per cent of the cases in which the test was carried out within 
ten days of the detection of aortic regurgitation. 

In the cases in which a lumbar puncture was done, the spinal fluid 
of 82, or 62 per cent, showed definite abnormalities. 

One of the most interesting facts revealed from these data is that 
69 per cent of the patients had had no antisyphilitic treatrnent prior to 
that given for aortic regurgitation. 

The treatment administered to certain patients who apparently 
received adequate therapy before the appearance of the aortic regurgita- 
tion was found to have been irregularly given after the syphilis was in 
the late stages. 

The average duration of life was increased from forty to fifty-five 
months with adequate treatment after the detection of the syphilitic 
aortic regurgitation. 

The administration of an adequate amount of both an arsenical and 
a heavy metal was found to be highly beneficial to patients with syphilitic 
aortic regurgitation. 

For the patients with syphilitic aortic regurgitation or aneurysm 
who died, the average duration of life was thirty months when conges- 
tive heart failure was present before treatment and forty-seven months 
when congestive heart failure was not present. 

Cardiovascular syphilis was the cause of death in 33 per cent of 
the patients in whom congestive heart failure had been present at some 
time and in 5 per cent of those in whom it had never been present. 

Symptomatic relief was noted in 30 per cent of the patients who had 
received less than thirteen injections of an arsenical, with an interim 
course of a heavy metal, and in 60 per cent of the patients who had 
received thirteen or more injections of an arsenical, with an interim . 
course of a heavy metal. 

A scheme of treatment for use in cases of aortic regurgitation is 
given. 


COOPERATIVE CLINICAL STUDIES IN THE TREAT- 
MENT OF SYPHILIS: CARDIOVASCULAR 
SYPHILIS 


ANEURYSM: ITS SYMPTOMATOLOGY, DIAGNOSIS, TREATMENT 
AND OUTCOME 


HAROLD N. COLE; M.D. 
CLEVELAND 
AND 
LIDA J. USILTON,* M.A. 
WASHINGTON, 


WITH THE COOPERATION OF JOSEPH EArLE Moore, M.D., Baltimore; Paut A. 
O’Leary, M.D., Rochester, Minn.; H. Sroxes, M.D., Philadelphia ; 
Upo J. Wirz, M.D., Ann Arbor, Mich.; THomas Parran Jr.,* M.D., 
and R. A. VonperLeHR,* M.D., Washington, D. C. 


The use of the term aneurysin in this paper is confined to a saccu- 
lated pocket of an artery due to fibrdésis and destruction of the elastic 
tissue of the wall of the vessel from specific inflammation of the vasa 
vasorum. In some cases there may be associated mediastinitis and peri- 
vasculitis. Fusiform dilatation of the aorta, or of another large artery, 
is not included under the heading of aneurysm, though we agree with 
Grant * that it may sometimes be difficult to make the clinical distinction 
between fusiform and saccular dilatation. Although the fundamental 
pathologic processes of fusiform and saccular aneurysms are identical, 
the clinical manifestations, prognosis and amenability to treatment of 
the two conditions make it advisable to consider them separately. A 
paper dealing with the fusiform aneurysm and comparing the end-results 
of treatment in cases of that condition with those obtained in cases of 
saccular aneurysm will appear at a later date. However, in the present 
series the data on 27 cases of fusiform aneurysm have been evaluated 
as a part of those on the group of cases of uncomplicated syphilitic 
aortitis. 


The names with an asterisk represent members of the staff of the United 
States Public Health Service; those without an asterisk represent members of 
the Cooperative Clinical Group. 

From the syphilis clinics of the Western Reserve University, the Johns Hopkins 
University, the Mayo Clinic, the University of Pennsylvania and the University of 
Michigan, assisted by the United States Public ent Service, with the financial 
support of an anonymous donor. 

1. Grant, R. T.: After Histories for Ten Years of One Thousand Men Suf- 
fering from Heart Disease: A Study in Prognosis, Heart 16:275, 1933. 
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The location and the size of the aneurysms may vary, and a patient 
may have several aneurysms. It is unnecessary to discuss the pathology 
of aneurysm. Its specific character is generally accepted. 


MATERIAL STUDIED 


Among the 6,253 patients admitted with syphilis in the late stage? or with 
latent syphilis who were treated or observed for six months or longer in the five 
cooperating clinics, there were 73, or 1.2 per cent, who on admission manifested 
or subsequently had aortitis with saccular aneurysm.’ In addition to these, there 
was 1 patient who was admitted to the clinic with syphilis in the early stage who 
subsequently showed an aneurysm. Among the 73 patients with an aneurysm, 
37 were white, and 36 Negro. There were proportionately four times as many 
Negro patients with a saccular aneurysm as there were white patients. A similar 
fact has been noted frequently in the medical literature. Aneurysm was found 
seven times more frequently in Negro males than in white males, while among 
females this diagnosis was noted in more than twice as many Negro patients as 
in white patients. 

OBSERVATIONS 


Duration of Syphilitic Infection at the Time of Detection of Aortitis 
with Aneurysm.—The time of infection was known in 57 per cent of 
the 74 cases of aneurysm, and in 50 per cent of these the aneurysm 
was detected in the period from fifteen to twenty-five years after infec- 
tion. Three cases of aneurysm were disclosed as late as from thirty-five 
to forty years after infection. 

Location of Aneurysm.—The greater number of aneurysms involved 
the arch of the aorta (in 21 of the total of 74 cases). In 19 cases the. 
aneurysm involved the descending portion of the aorta; in 8, the ascend- 
ing portion ; in 4, the abdominal portion; in 4, the arch and the descend- 
ing portion; in 3, the arch and the ascending portion; in 2, the thoracic 
portion; in 1, the subclavian artery; in 1, the carotid artery; in 1, the 
ascending and the descending portion of the aorta; in 1, the descending 
portion and the carotid artery; in 1, the ascending portion and the 
innominate artery; in 1, the innominate artery; in 1, the arch of the 


2. The cases of syphilis in the late stage do not include those with a benign | 
involvement of bone or the skin or those of syphilis of the respiratory tract, glands 
or viscera other than of the cardiovascular system. Therefore, the figures repre- 
sent simply the relative frequency of these manifestations in the race and sex 
population considered. 

3. The criteria for the diagnosis of aortic regurgitation and aneurysm used 
by this group are in accord with those established by Carter and Baker (Bull. 
Johns Hopkins Hosp. 48:315, 1931). 

4. The material for these studies on cardiovascular syphilis comprises 642 cases 
observed for six months or longer. There were 349 additional cases that were 
observed for less than six months, and in 101 of these aneurysm was present. In 
32 per cent of them the patient died within six months of his admission to the 
clinic with an aneurysm. 
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aorta and the subclavian artery; in 1, the subclavian and the innominate 
artery; in 1, the arch of the aorta and the carotid artery, and in 1, the 
arch of the aorta and the innominate artery. In 3.instances multiple 
aneurysms were noted in the following locations: in the arch and in the 
descending and the abdominal portion of the aorta; in the arch and in 
the descending portion of the aorta and the innominate artery and in 
the arch and in the ascending and the abdominal portion of the aorta. 
Of the 74 patients, 48 are still living and 26 are dead. In 1 instance 
there was erosion of the vertebra of the thoracic portion of the spine 
in connection with an aneurysm of the arch of the aorta. 

Serologic Findings in the Blood and Spinal Fluid.—Serologic tests 
were made repeatedly in most of the cases under observation. @f the 
74 cases of aneurysm, a serologic examination of the blood had been 
made in 51 within ten days of the detection of the aneurysm; the 
Wassermann reaction was positive in 90 per cent of the cases. Adequate 
treatment subsequent to’the detection of the aneurysm reversed or 
reduced the positivity of the Wassermann reaction of the blood in 50 
per cent of the cases, as contrasted with a change in the reaction in 32 
per cent of the cases when an inadequate amount of treatment was given. 
In 22 of the 74 cases of aneurysm a lumbar puncture was done within 
two months of the detection of the aortitis with aneurysm. In 64 per 
cent of these cases there was a frankly positive reaction of the spinal 
fluid. The examination of the spinal fluid consisted of a Wassermann 
test, a test for globulin, a colloidal gold test and a cell count. 

Concomitant Syphilis of the Central Nervous System.—Concomitant 
syphilis of the central nervous system was noted less frequently in the 
cases of aortitis with aneurysm than in those of uncomplicated syphilitic 
aortitis. Proportionately, lumbar puncture was done in 29 per cent 
more cases of uncomplicated syphilitic aortitis than of aortitis with 
aneurysm. This fact, in part, explains the reduced percentage of inci- 
dence of concomitant syphilis of the central nervous system in the cases 
of aortitis with aneurysm, which was 31 per cent, as against 45 per 
cent in the cases of uncomplicated syphilitic aortitis. Further, among 
the cases of aneurysm nearly all instances of involvement of the central 
nervous system were parenchymatous. In other words, we were dealing 
with an older type of syphilis than uncomplicated syphilitic aortitis, 
in which meningeal, vascular and asymptomatic neurosyphilis were 
noted more frequently. In 9.2 per cent of the cases of uncomplicated 
syphilitic aortitis there was asymptomatic neurosyphilis, whereas in cases 
of aneurysm it coexisted in 5.4 per cent of the cases. The only other 
types of concomitant syphilis noted among the cases of aortitis with 
aneurysm were osseous involvement, which occurred in 2 patients, and 
involvement of the skin, which occurred in 1 patient. The main point 
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of interest is that at least 31 per cent of the patients with aneurysm 
had syphilis of the central nervous system as well, and undoubtedly this 
percentage would have been higher had a lumbar puncture been done 
in more patients. 

Treatment Prior to Detection of Aortitis with Aneurysm.—Among 
74 patients with aneurysm, 77 per cent had had no treatment or only 
a little heavy metal before the detection of the aneurysm; 7 patients 
had received eighteen or more injections of an arsenical, with an interim 
course of a heavy metal, and of these only 2 had received this therapy 
previous to the detection of cardiovascular syphilis. Apparently the 
amount of treatment administered to a syphilitic patient, regardless of 
the stage in which treatment is begun, is important in the prevention of 
aortitis with aneurysm. A comparison was made with the condition in 
untreated syphilitic patients to determine if treatment of the syphilis 
had either a deterring or an accelerating influence on the development 
of cardiovascular syphilis, but the limited number of cases of a known 
duration of infection prevented any conclusive statement on this point. 

Symptomatic Relief by Therapy.—A patient is considered to have 
had symptomatic relief from treatment if one, or more, of the severe 
symptoms is relieved and if the others have not become aggravated. 
In the presence of progression of any one, or more, of the severe symp- 
toms, the case is classified under the heading of “no symptomatic relief.” 

In analyzing the data on symptomatic relief the material was not 
limited to cases under observation or treatment for one year or more, 
since such relief may be experienced in a shorter period. Among 
the 74 patients, 64 had some symptoms recorded on detection of the 
aneurysm. Symptomatic relief was obtained by 43 per cent of the 
patients who were not given arsenical therapy as a part of the treatment 
but who did receive good treatment with heavy metal and potassium 
iodide, whereas symptomatic relief was noted by 30 per cent of the 
patients who were given less than thirteen injections of an arsenical and 
an interim course of a heavy metal; 56 per cent of the patients who were 
given thirteen or more arsenical injections, with an interim course of a 
heavy metal, responded symptomatically. In all cases, comparable forms 
of medical cardiac regimen were used, regardless of whether antisyphi- 
litic treatment was administered. 

It is interesting to note that of 74 patients with aneurysm 80 per cent 
were followed for one year or longer after the detection of the aneu- 
rysm, 30 per cent for five years or longer and 16 per cent for eight 
years or longer. 

To determine the extent to which the increased duration of life in 
patients with this grave manifestation was due to better physical con- 
dition on admission rather than to the efficacy of the treatment, several 
statistical controls were established. First, there were excluded from 
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the study the patients who either lapsed from treatment or died before 
the termination of the first year of observation and treatment after the 
detection of the aneurysm. Then the number of years of observation 
and treatment for the patients still living and for those who died was 
determined. Among the group with aneurysm, undoubtedly the patient’s 
physical condition on admission did influence the possibility of an 
increase in the span of life through treatment to a greater extent than 
with the other types of cardiovascular syphilis. In the patients with 
aneurysm, 10 per cent more of those who died than of those who were 
still living at the termination of the study failed to complete the third 
year of observation and treatment. However, in the remaining 90 per 
cent, proportionately the same number of patients who died and those 
who were living had been followed throughout each of the periods of 
observation and treatment and therefore had had an equal opportunity 
to receive benefit from the therapy. The treatment administered after 
the detection of the aneurysm has been analyzed in four groups: (1) an 
inadequate amount of both the arsenical and the heavy metal, (2) an 
inadequate amount of the arsenical and an adequate amount of the heavy 
metal, (3) an adequate amount of the arsenical and an inadequate amount 
of the heavy metal and (4) an adequate amount of both drugs. For 
the arsenicals, thirteen or more injections were considered an adequate 
amount, and for the heavy metal, twenty or more injections; less than 
these amounts were considered inadequate. 

Since the number of cases of aneurysm is very small, the effective- 
ness of treatment on the prolongation of life will be discussed for the 
total group of patients. It is true that the patients who were still 
living had not completed life, and it is therefore impossible to determine 
to what extent treatment ultimately would prolong life. However, since 
41 per cent of the patients who were still living had already received 
adequate therapy and since proportionately fewer deaths had occurred in 
this group, it is reasonable to suppose that the patients who were still 
living and had received adequate therapy would experience a greater 
average duration of life than those of the other groups. 

As will be seen in the table, the average duration of life after the 
detection of an aneurysm with the administration of an inadequate 
amount of each drug was thirty-seven months, which increased to sev- 
enty-five months when adequate therapy was given. Further evidence of 
the effectiveness of adequate therapy is that only 55 per cent of the 
patients who died after receiving adequate treatment died definitely or 
presumably of cardiovascular syphilis, in comparison with 64 per cent of 
those who were inadequately treated. Thirteen of the 22 deaths were 
definitely or presumably due to cardiovascular syphilis. In 4 cases death 
was sudden, and in the other 9 death occurred after a more or less 
prolonged illness. 
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Therapeutic Paradox.—The factor of “therapeutic paradox,” which 
also influences the course of an aneurysm, may well be considered at 
this point. Several clinicians have noted that the type of therapy 
employed in treating patients with aneurysm has great significance. 
Instances have been reported of disastrous results following the admin- 
istration of a large dose of-an arsenical or the institution of treatment 
with an arsenical without preliminary heavy metal therapy. In certain 
of the cases the reaction may be compared to a Herxheimer reaction, 
resulting in acute edema in a diseased area in the aortic wall, with 
immediate mechanical weakening of its structure and rupture within 
from twenty-four to forty-eight hours after treatment. For this the 
best designation is therapeutic shock. To a slower form leading to a 
more gradual change Wile*® has given the name therapeutic paradox. 
The patient’s symptoms at first seem to improve, but later the process 


Effectiveness of Treatment After Detection of Aneurysm in the Prolongation 
of Life * 


Amount of Treatment Patients Average Duration of Life 
After Detection of cr After Detection of 
Aneurysm} Living Dead, All Causes Aneurysm, Months 
A. A 


- Arsenical Heavy Metal Number Percentage Number Percentage ‘Living Dead Total 
Little Little 11 


* This group includes only cases in which the patient was under treatment or observation 
for one year or more. 

+ Little for arsenical injections means less than thirteen (inadequate), and much means 
thirteen or more (adequate). Little for a heavy metal means less than twenty injections 
or weeks of rubs (inadequate), and much means twenty or more (adequate). 


may become aggravated. This is due presumably to a too rapid healing 
of the inflammatory area in the wall of the vessel, resulting in fibrosis, 
distortion and contraction. 


TREATMENT OF SACCULATED ANEURYSM 


The limited promise of relief and prolongation of life for a patient 
with an aneurysm emphasizes the greater need for its prevention. Of 
the 105 patients who were treated for syphilis in the early stage and 
were followed up for from ten to twenty years thereafter, only 1 had 
aortitis with aneurysm, although there is a possibility of its occurrence 
in other patients as the period of observation is extended. Adequate 
regular treatment of syphilis in the early stages apparently assures free- 


5. Wile; U. J.: Treatment of Syphilitic Liver and Heart, Am. J. M. Sc. 
164:415, 1922; Principles Underlying Treatment of Cardiovascular Syphilis, Am. 
Heart J. 6:157 (Oct.) 1930. 


} 
9 90.0 1 10.0 42 15 39 
Much Little 2 50.0 2 30.0 24 81 27 
Much Much 15 62.5 9 87.5 85 58 75 
37 62.7 22 37.3 56 45 52 
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dom from this manifestation. As has already been mentioned in this 
paper, 77 per cent of the patients with aneurysms had had no previous 
treatment, unless perhaps a small amount of heavy metal; of the 23 
per cent who had received some treatment, only 7 had anything 
approaching adequate modern therapy. In each of these cases treatment 
had not been given until the late stage of the infection had been reached ; 
in fact, only 2 of the 7 patients had received adequate therapy before 
the development of uncomplicated syphilitic aortitis. The best therapy 
for the prevention of aneurysm is continuous treatment of syphilis in 
the early stage, with from twenty to thirty injections of an arsenical 
and an interim course of a heavy metal, as outlined in the Cooperative 
Clinical Group’s report, “Standardization of Treatment in Early 
Syphilis.” ® 

With the diagnosis of aneurysm established, the physician must be 
governed by the conditions found. If there is evidence of decompensa- 
tion, the patient should rest. If there is an accompanying edema, it 
may be well to employ a heavy metal diuretic, like salyrgan or merba- 
phen, though we question the specific action of these preparations. After 
all, such soluble mercurial compounds as mercury succinimide and red 
mercuric iodide have a definite diuretic action; the same is also true of 
certain water-soluble bismuth salts. 


As far as specific therapy is concerned, the physician should exercise 


every care to prevent both the therapeutic paradox and the Herxheimer 
reaction. Treatment should be started cautiously, with a heavy metal 
(bismuth or mercury) in the form of either a water-soluble or an insol- 
uble salt, for a period of from eight to ten weeks.. Potassium iodide 
may accompany this therapy. Then arsenical therapy may be started 
very cautiously, with either neoarsphenamine or an arsenical preparation 
for intramuscular use. The maximum dose of neoarsphenamine should 
not be more than 0.3 Gm., possibly starting with a dose of 0.025 or 
0.05 Gm. Neoarsphenamine is usually employed in a course of from 
ten to twelve injections. Alternating between the succeeding courses 
of neoarsphenamine one may employ an insoluble bismuth salt, such as 
bismuth salicylate, 0.1 Gm., or a soluble salt suspended in oil, e. g., 
potassium sodium bismuth tartrate or potassium bismuth tartrate, 0.1 
Gm., or a liposoluble salt. Throughout, all strenuous exercise and all 
reactions to treatment must be avoided. Thereafter, much will depend 
on the symptoms and on the response to treatment. Naturally a patient 
with such a condition should be followed and examined physically and 
roentgenographically every six months or every year throughout life. 


6. Stokes, J. H., and others: Standard Treatment Procedure in Early Syphilis ; 
Résumé of Modern Principles, Ven. Dis. Inform. 15:149 (April) 1934; J. A. M. A. 
102:1267 (April 21) 1934. 
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SUMMARY 


Seventy-four cases of sacculated aneurysm were included in the 
study. 

In 50 per cent of the cases a saccular aneurysm was observed in the 
period from fifteen to twenty-five years after the infection, and in 3 
cases, as late as from thirty-five to forty years after infection. 

The location of the aneurysm is given in the text. Three patients 
had three aneurysms each. 

The Wassermann reaction of the blood was positive in 90 per cent of 
the cases in which it was made within ten days of the diagnosis, and 
in 64 per cent of the cases in which lumbar puncture was made within 
two months of the diagnosis there was a definitely abnormal fluid. 

Of the total number of patients with aneurysm, 31 per cent showed 
concomitant involvement of the central nervous system, principally of 
the parenchymatous type. This percentage represents the minimum, 
since in a number of cases the gravity of the cardiovascular syphilis 
precluded the making of a lumbar puncture. 

Seventy-seven per cent of the patients had not been treated prior 
to the detection of the aneurysm. 

Of a group of 64 patients with aneurysms, with symptoms on admis- 
sion, symptomatic relief was obtained in 44 per cent. Symptomatic 
relief was obtained in 43 per cent of the patients who were not given 
arsenical therapy as a part of the treatment but who did receive a good 
course of a heavy metal and potassium iodide, whereas symptomatic 
relief was gained in 30 per cent of the patients who were given less 
than thirteen arsenical injections and an interim course of a heavy 
metal; 56 per cent of the patients who were given thirteen or more 
arsenical injections, with an interim course of a heavy metal, responded 
symptomatically. In all cases comparable forms of medical cardiac 
regimen were used, regardless of whether antisyphilitic treatment was 
administered. 

Of the 74 patients with a saccular aneurysm, 80 per cent were fol- 
lowed for a period of one year or longer after the detection of this 
involvement, 30 per cent for five years or longer and 16 per cent for 
eight years or longer. 

The average duration of life after the detection of the aneurysm 
of patients receiving an adequate amount of each drug was thirty-seven 
months, which increased to seventy-five months when adequate anti- 
syphilitic treatment was given. 

Among the 22 patients who died, there were 13 who died definitely or 
presumably of cardiovascular syphilis. 

An outline of treatment for patients with aneurysm is suggested. 
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MECHANISM OF ACUTE EXPERIMENTAL 
HEART FAILURE 


T. R. HARRISON, M.D. 


BEN FRIEDMAN, M.D. 
AND 
HARRY RESNIK Jr, M.D. 


NASHVILLE, TENN. 


In several previous papers * we have reported studies on the cardiac 
output of patients with congestive heart failure. Such persons usually 
have subnormal values for the circulatory minute volume, but no cor- 
relation between the amount of blood pumped by the heart and the 
clinical state of the patient was observed. It was noted that a disap- 
pearance of congestive phenomena might be associated with an increase, 
a decrease or no change in the cardiac output. These observations have 
led to the conclusion that the theory of forward failure does not offer 
an adequate explanation for the mechanism of congestive heart failure. 


Our previous studies have not been directly concerned with the rela- 
tion of the congestive syndrome to back pressure. However, as has 
been pointed out,’* the observations reported are compatible with this 
idea as originally expressed by Hope.? One of the chief points of the 
back pressure theory is that failure of only one side of the heart may 
occur. That this is actually the case has recently been demonstrated by 
Weiss and Robb,’ who, using the method of injection of Hamilton, 


From the Department of Medicine, Vanderbilt University. 
1. (@) Harrison, T. R.; Friedman, B.; Clark, G., and Resnik, H.: The Car- 
diac Output in Relation to Cardiac Failure, Arch. Int. Med. 54:239. (Aug.) 1934. 
(b) Friedman, B.; Clark, G.; Resnik, H., Jr., and Hatrison, T. R.: Effect of 
Digitalis on the Cardiac Output of Persons with Congestive Heart Failure, ibid. 
56:710 (Oct.) 1935. (c) Friedman, B.; Resnik, H., Jr.; Calhoun, J. A., and 
Harrison, T. R.: Effect of Diuretics on the Cardiac Output of Patients with Con- 
gestive Heart Failure, ibid. 56:341 (Aug.) 1935. (d) Resnik, H., Jr.; Friedman, 
B., and Harrison, T. R.: The Effect of Certain Therapeutic Measures on the 
Cardiac Output of Patients with Congestive Heart Failure, ibid. 56:891 (Nov.) 
1935. 

2. Hope, James: Diseases of the Heart and Great Vessels, Philadelphia, Lea 
& Blanchard, 1842, p. 250. 

3. Weiss, S., and Robb, G. P.: Cardiac Asthma (Paroxysmal Cardiac 
Dyspnea) and Syndrome of Left Ventricular Failure, J. A. M. A. 100:1841 
(June 10) 1933. 


928 ARCHIVES OF INTERNAL MEDICINE 


Moore, Kinsman and Spurling,‘ demonstrated that during paroxysms 
of cardiac asthma there is a sudden increase in the aniount of blood in 
the lungs. Since this change was noted to be independent of significant 
alterations in the cardiac oytput, it appears that cardiac asthma is 
brought about by back pressure from sudden failure of the left ventricle. 
The occurrence of unilateral failure of the ventricles appears, therefore, 
to have been demonstrated. 

Another problem concerning the mechanism of heart failure is that 
of the analogy between congestive failure in man and fatigue of the 
heart as observed in the heart-lung preparation. Because of the arti- 
ficial conditions which exist in a heart-lung preparation, many clinicians 
have been unwilling to grant that conclusions arrived at by this technic 
are applicable to congestive heart failure as observed in patients. In 
this regard the recent studies of Starr, Collins and Wood ® are of inter- 
est. These authors studied a large group of subjects without cardiac 
disease and compared the results with those noted in persons “threatened 
with heart failure.” The difference between the groups was found to 
consist not so much in the cardiac output—although in general they 
noted, as did we, that persons with cardiac disease tend to have sub- 
normal values for this function—but rather in an abnormal relationship 
between the work performed by the heart and its size. The character- 
istic abnormality in their subjects with impending heart failure was an 
increase in the size of the heart in proportion to the work done by 
it. Starr and his colleagues interpreted their observations as meaning 
that Starling’s law of the heart was applicable to man and that heart 
failure in patients, like that in the heart-lung preparation, was chiefly 
manifested by an increasing disproportion between the size of a given 
heart and the work it performed. These conclusions are of special 
interest when it is remembered that one hundred years ago James Hope 
emphasized the fact that dilatation was the essential physiologic change 
responsible for back pressure. 

The purpose of the study to be reported in the present paper was to 
investigate further, under controlled experimental conditions, the mecha- 
nism of heart failure. For this purpose drugs known to lead to death 
by causing heart failure were administered to dogs, and the various 
circulatory functions were studied during the progressive stages of 
the disturbances so produced. 


4. Hamilton, W. F.; Moore, J. W.; Kinsman, M. M., and Spurling, R. G.: 
Studies on the Circulation: Further Analysis of Injection Method and of Changes 
in Hemodynamics under Physiological and Pathological Conditions, Am. J. Physiol. 
99:534, 1932. 

5. Starr, I.; Collins, L. H., Jr., and Wood, F. C.: Studies of Basal Work 
and Output of Heart in Clinical Conditions, J. Clin. Investigation 12:13, 1933. 
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VENOUS PRESSURE AND CARDIAC OUTPUT IN EXPERIMENTAL 
HEART FAILURE 


Heart failure has been produced either by chloroform or by potassium chloride. 
The former drug was administered by inhalation in some experiments and 
intravenously in others. The latter method has been generally preferred because 
dosage can be better controlled. When chloroform is given slowly to morphinized 
dogs the arterial pressure declines and edema of the lungs usually develops, but 
a rise in the systemic venous pressure occurs only as a terminal event, when the 
animal is practically moribund. At autopsy the heart is noted to be dilated and 
the lungs are edematous. When potassium chloride is slowly administered intra- 
yenously a different sequence of events occurs. The systemic venous pressure 
rises gradually. The arterial pressure rises or remains at a normal level for a 
time and declines suddenly as the animal becomes moribund. At autopsy the 
heart is noted to be dilated, but gross edema of the lungs is not observed. 


TasLe 1—The Effect of Intravenous Injection of Chloroform on the 
Circulation of Dogs 


Arterio- Oxy- 
venous gen Car- 
Mean Arterial Venous Oxy- Con- diac Ve- 
Blood Oxygen Oxygen gen sump- Output nous 
-  Con- Differ- Pres- 
tent, ence, pe - sure, 
Mm. 
Comment 
13.5 
Moribund 
22.8 


After 0.5 ec. chloroform 

After 1.0 ce. chloroform 

After 1.4 ce. chloroform . 7 

After 2.6 ec. chloroform 3 ? ? ? Moribund 


. chloroform 2. 3 
After 0.9 ce. chloroform § Moribund 


Observations on .the circulation of dogs to which chloroform or potassium 
chloride was administered have been made as follows: The femoral vessels were 
cannulated for measurement of arterial and venous pressure. The consumption of 
oxygen was determined by collection and analysis of the expired air. Samples 
of blood obtained from the femoral artery by direct puncture and. from the right 
ventricle by puncture of the chest were analyzed for the content of oxygen 
in the Van Slyke-Neill manometric apparatus. The cardiac output was calculated 
from the consumption of oxygen and the arteriovenous oxygen difference. 


Results obtained in animals into which chloroform was injected are 
indicated in table 1. The arterial blood pressure declined slowly in some 
experiments and suddenly in others. The animal began to expectorate 
froth, and when this occurred arterial anoxemia developed. Toward the 
latter stages of the experiment the consumption of oxygen declined 
markedly. The arteriovenous oxygen difference increased in some 
instances, but in other experiments the onset of well marked anoxemia 
was associated with a diminution in this function. The increase in 


Ww 
Date, 
1934 
3/22 
3/24 
14D 17.18 12.10 5.08 130 2.56 —12 
16.94 12.58 4.34 116 2.67 —13 
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cardiac output which was observed in one experiment was probably 
due to anoxemia. In other experiments the output of the heart dimin- 
ished. A rise in the systemic venous pressure occurred only as a termi- 
nal manifestation. The pulmonary venous pressure was not measured, 
but it probably rose at a relatively early stage of the experiment, because 
the development of pulmonary edema, as shown by the expectoration 
of froth and by the presence of arterial anoxemia, preceded the final 
circulatory collapse. It is assumed that a rise in the pulmonary venous 
pressure occurred prior to the development of edema of the lungs. 

The results of experiments illustrating the effects of potassium 
chloride are shown in table 2. A rise in the venous pressure occurred 
at a relatively early stage and preceded the terminal fall in the arterial 


TasBLeE 2.—The Effect of Potassium Chloride on the Circulation of Dogs 


Ar- 
terio- Oxygen 
venous Con- Car- 
Mean Arterial Venous Oxy- sump- diac  Ve- 
Blood Oxygen Oxygen gen tion Output nous 
Pres- Con- Con- - per Pres- 
sure, 


le ute, Mm. 
Hg %o Yo % Ce. 
Control 


108 
After 1.2 Gm. potassium chloride 116 
After 1.8 Gm. potassium chloride 120 


Control... 114 
After 4.5 Gm. potassium chloride 119 
After 6.9 Gm. potassium chloride 113 
After 7.2 Gm. potassium chloride 
After 7.5 Gm. potassium chloride 
After 7.9 Gm. potassium chloride 


Control 
Cont 
After 2.4 Gm. potassium chloride 


After 3.8 Gm. potassium chloride 
After 5.8 Gm. potassium chloride 


pressure. An increase in the consumption of oxygen was noted in the 
early stages of the experiments and was followed by a fall as the animal 
went into collapse. Significant arterial anoxemia did not usually occur. 
The arteriovenous oxygen difference increased in some experiments 
and not in others. The cardiac output per minute tended to rise as 
the consumption of oxygen rose in the early stages and then underwent 
extreme decline when circulatory collapse set in. 

The experiments illustrate two significant points. In the first place, 
they show that the heart does not necessarily fail as a whole but that 
unilateral failure of the ventricles may occur. Congestion and edema 
of the lungs brought about by chloroform may appear in the absence 
of systemic congestion. On the other hand, potassium chloride tends 
to produce failure of the right ventricle, with congestion and a rise in 
pressure in the systemic veins. Another point brought out by the 
experiments is that a significant decline in the output of the heart, 


Weight 
of 
Date, Dog, 
1984 Kg. 
TS 
21.98 16.92 5.06 68 1.34 110 
19.08 14.94 4.14 64 1.55 120 
4/19 17.3 19.82 12.66 7.16 99 1.38 45 
20.62 13.38 7.24 131 181 80 
18.97 13.27 5.70 128 2.25 85 
18.27 4.82 13.45 30 0.22 120 
17.72 3.13 14.59 43 0.29 120 
17.25 3.65 13.60 15 0.11 140 
5/26 21.0 10 19.72 13.438 6.29 111 1.77 42 
144 19.48 12.58 6.90 102 1.48 34 
140 18.70 12.22 6.48 132 2.03 42 
56 17.54 7.98 9.56 54 0.55 100 
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whether considered as such or in relation to the metabolism, does not 
regularly occur during the early stages of heart failure and may be 
preceded by congestive phenomena either in the systemic or in the pul- 
monary vascular bed. 


MECHANICAL EFFICIENCY OF THE HEART IN RELATION TO 
HEART FAILURE 


Method of Determining the Mechanical Efficiency of the Heart without Opening 
the Chest—The most characteristic physiologic change associated with cardiac 
fatigue in the heart-lung preparation is dilatation of the heart and an increase in its 
expenditure of energy, with a corresponding decline in its efficiency as a mechanical 
pump. Observations on the mechanical efficiency of the heart have not been 
made previously in intact animals because of the difficulty in determining the 
cardiac consumption of oxygen. We have devised a procedure which has made it 
possible to measure the mechanical efficiency of the heart of a dog subjected 
to no insult other than the administration of sufficient morphine to keep it quiet 
and the insertion of arterial and venous cannulas. The work done by the heart 
is measured by determining the cardiac output and the mean arterial blood pressure 
by the methods described previously. The expenditure of energy of the heart is 
calculated from the mechanical equivalent of its consumption of oxygen. The 
latter function is determined as follows: A modified Morawitz cannula is intro- 
duced through the right external jugular vein into the coronary sinus. The blood 
passing out of the cannula is returned to the general circulation through a second 
cannula in the left external jugular vein. The rubber tube connecting the two 
cannulas is interrupted by a glass T-tube, so that the blood stream can be diverted 
and the blood from the coronary sinus collected for measurement of the volume of 
outflow and of the oxygen content. The outflow from the coronary sinus is assumed 
to represent 60 per cent of the blood passing through the heart. The coronary 
flow and the amount of oxygen in the arterial blood and in the venous blood 
being known, the oxygen consumption of the heart per unit of time can be 
calculated. From the caloric value of oxygen and the mechanical equivalent of 
heat, the energy expended by the heart per minute ‘can be estimated in kilogram- 
meters. This divided into the work performed per minute gives the mechanical 
efficiency of the heart in terms of the percentage of the energy expended which 
is converted into work. In order to avoid inaccurate results, it is necessary that the 
three samples of blood—from the femoral artery, from the right auricle and 
from the coronary sinus—be taken simultaneously. 

The cannula used and the technic employed for passing it into the coronary 
sinus need to be discussed in somewhat more detail. The cannula is made of thin 
brass tubing, with an internal diameter of 4.5 mm. and a wall somewhat less than 
0.5 mm. thick (figs. 1 and 2). The cannula should be from 30 to 35 cm. long. 
Three centimeters from the distal end it is bent at an angle of 10 degrees. Two 
millimeters from the distal end several oval holes 3 by 4 mm. are made in the 
wall so as to allow free entrance of blood in case the open distal end becomes . 
occluded by the sinus. At distances of 1 and 2 cm., respectively, from the distal 
end are grooves for tying on a rubber balloon, as in the ordinary Morawitz 
cannula. Between the grooves is a hole 1 mm. in diameter, into which is sealed 
the lower end of a small brass tube, which passes from this point inside the cannula 
to a point 2 cm. from its proximal end and then through the wall. The purpose 
of this tube is to allow inflation of the balloon with air when the cannula is in 
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place, so as to hold it in position and to prevent the escape of blood from the 
coronary sinus except through the cannula. Thus, the cannula is tike that described 


by Morawitz and Zahn,* except for its greater length and for the slight bend 
at the distal end. < 


Fig. 1—A indicates openings in the distal end of the cannula; B and B’, 
grooves for tying on the rubber balloon; M, the main body of the cannula; D’, 
the proximal end of the small internal brass tube for inflating the balloon; E’, the 
proximal end of the small internal brass tube opening into the auricle; G, the 
rubber tubing; H, H' and H2?, the glass Y-tube, and /, the metal cannula for 
returning the blood into the left external jugular vein. 


6. Morawitz, P., and Zahn, A.: Ueber den Koronarkreislauf am Herzen in 
Situ, Zentralbl. f. Physiol. 26:465, 1912. 
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In addition to the small internal brass tube through which the balloon is 
inflated, we have used a second brass tube, which passes into the wall of the 
cannula 2 cm. from the proximal end and down to a point 3 cm. from the distal 
end, where it terminates as an opening sealed into the wall of the cannula. This 
tube has offered two advantages. Through it the venous pressure in the right 
auricle can be measured and samples of mixed venous blood can be obtained. The 
necessity for puncturing the heart through the chest is thereby obviated. 

The proper preparation of the rubber balloon at the distal end of the cannula 
is of great importance, for if it is not well inflated part of the venous blood may 


os 


Fig. 2—A indicates openings in the distal end of the cannula; B and B’, 
grooves for tying the balloon; D-D’, the small internal brass tube for inflating 
the balloon; C, the distal opening of the tube D-D'; E-E', the small internal brass 
tube for obtaining samples of blood and measuring pressure in the right auricle, 
and F, the distal opening of the tube E-E’. This drawing represents a cross- 
section of the cannula. 


escape around the cannula and false results may be obtained for the flow of 
blood from the coronary sinus. The best results have been obtained with a dental 
rubber dam, which is tied with fine thread into the two grooves at the distal end 
of the cannula. The use of small amounts of rubber cement in the grooves has 
been useful in preventing the balloon from leaking. 


| 
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The procedure for inserting the cannula into the coronary sinus without opening 
the chest is as follows: With the dog lying on its back, the two external jugular 
veins are dissected free in the neck. (In order for the vein to be large enough 
to admit the cannula freely, dogs weighing from 14 to 20 Kg. should be used. 
With smaller animals serious difficulty is often encountered in introducing the 
cannula into the vein.) A short metal cannula of the same bore as that of the 
coronary cannula is inserted into the left jugular vein. The coronary cannula, 
with the balloon tied on but not inflated, is greased with liquid petrolatum and 
then passed down into the right jugular vein. After the tip of the cannula is 
well in the thoracic cavity the distal end should be pointed somewhat upward and 
to the left. The instrument is steadily pushed until it reaches the tip of the right 
ventricle. The distance from a fixed point on the dog’s chest to the proximal 
end of the cannula is then measured. This measurement is of importance, for 
numerous observations have shown that when the distal end is in the coronary 
sinus the proximal end is from 1 to 2 cm. more cephalad than when the distal 
end is in the tip of the right ventricle. The cannula is withdrawn for a distance 
of about 4 cm. and rotated in such a way that the inclined distal end points down- 
ward, i.e., toward the dog’s back. The proximal end of the cannula is raised 
somewhat, and the instrument is pushed gently in an axis corresponding to the 
long axis of the dog’s body. If the cannula passes into the inferior vena cava, 
it can readily be pushed beyond its previous position at the apex of the right 
ventricle, and it is withdrawn a few centimeters and again gently pushed caudad. 
After a time the cannula will meet an obstruction, when it is from 1 to 2 cm. 
cephalad of its original position in the ventricle. The cannula is then against 
the wall of the right ventricle, in the coronary sinus or in a small recess in the 
auricle lying between the orifices of the sinus and the inferior cava. The rubber 
tubing from the end of the cannula is removed, and the pulsation and the character 
of the blood flowing out are noted. If the cannula is in the right ventricle the 
stream flows freely, the blood is of maroon color and has a forceful systolic 
pulsation. If the cannula is in the auricular recess there is little or no pulsation 
except with respiration and the blood flows slowly and is of maroon color. When 
the cannula is in the sinus there is a distinct, although not forceful, systolic 
pulsation, with a free outflow, and the blood is almost black. In case of doubt 
it is necessary to compare the color of samples of blood drawn through the main 
orifice of the cannula with those obtained through the small upper brass tube 
which opens into the auricle. The blood passing out of the coronary sinus is 
much darker than the mixed venous blood from the right side of the heart. 

In order that one may be reasonably certain that the tip of the cannula is in 
the coronary sinus, the following conditions must be fulfilled: 

1. The cannula must come to rest against an obstruction at a point from 1 
to 2 cm. cephalad to its previous position when passed into the tip of the right 
ventricle. 

2. The outflowing blood must exhibit distinct systolic pulsations. 

3. The color of the blood passing from the cannula must be distinctly darker 
than that of the mixed venous blood. 

4. Gentle rotation must fail to dislodge the cannula from its position. 

When these criteria have been met the balloon should be inflated through the 
small internal tube with from 0.5 to 1 cc. of water; the proximal end of the 
cannula should be connected with the rubber tubing to the cannula in the left 
external jugular vein, and the desired observations may be made. At the con- 
clusion of the experiment the animal should be killed, the heart exposed and the 
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position of the cannula checked after the right auricle is opened. Unless the 
cannula is well within the sinus and unless the balloon is inflated the results of 
the experiment must be discarded. 

The most serious of the many uifficulties which have been encountered in the 
experiments has been clotting of the blood. In spite of large doses of heparin, 
clotting has frequently occurred and has spoiled many of the experiments. With 
dogs weighing from 15 to 20 Kg. it has been observed that an initial dose of 
800 mg. of heparin just prior to the introduction of the cannula, followed by 
doses of 200 mg. every half-hour, will usually suffice to prevent clotting for 
from two to three hours. 


Sources of Error in the Calculation of the Efficiency of the Heart.—In the 
calculation of the consumption of oxygen by the heart it is necessary to make 
allowance for the fact that all the blood passing into the heart muscle does not 
flow out of the coronary sinus. The question has been studied by Evans and 
Starling 7 and also by Anrep, Blalock and Hammouda.* Both reports indicated 
that approximately 60 per cent of the blood passing through the heart escapes 
through the coronary sinus and that the proportion varies within relatively narrow 
limits. Our calculations have accordingly been based on the assumption that the 
measured flow through the coronary sinus represents 60 per cent of the total 
coronary blood flow. It has also been necessary to assume that the utilization of 
oxygen of the blood from the coronary sinus is similar to that of the blood 
escaping through the other cardiac venous channels. Although both of the assump- 
tions appear probable on the basis of present evidence, it is recognized that they 
may introduce considerable error into the results. 

In the calculation of the work done by the heart there are at least three sources 
of error. In the first place, the work of the auricles has been neglected, but 
since this constitutes a small fraction of the total work, such an omission is 
probably permissible. A more serious source of error is that of neglect of the 
work done by the heart in imparting velocity to the blood. Evans ® has shown 
that under conditions of low output the factor of velocity constitutes 5 per cent 
or less of the total work done but that the magnitude of the fraction increases 
rapidly as the output rises. It is probable that in certain of the experiments to be 
reported, namely, those in which the effects of increased work were observed, 
the factor of velocity constituted an important fraction of the total work and that 
its neglect results in our figures for efficiency being considerably too low. On 
the other hand, in the experiments on acute heart failure, the output of the heart 
either remained at the same general level or decreased, and we do not believe that 
the neglect of the factor of velocity is of serious importance. 

Another source of error in the determination of the cardiac work has been 
our failure to measure the pulmonary arterial pressure. We have arbitrarily 
assumed this to be one third of the systemic arterial pressure and hence have 
calculated the work of the right ventricle as being one third that of the left. 
Evans, in his calculations, assumed the pulmonary’ pressure to be one-sixth the 
systemic pressure. If our assumed value for the pulmonary arterial pressure is 
50 per cent in error, this makes a difference of about 15 per cent in the final value 
for the cardiac work. Since our neglect of the factor of velocity tends to make 


7. Evans, C. L., and Starling, E. H.: The Part Played by the Lungs in the 
Oxidative Process of the Body, J. Physiol. 46:413, 1913. > 

8. Anrep, C. V.; Blalock, A., and Hammouda, M. N.: The Distribution of 
‘the Blood in the Coronary Blood Vessels, J. Physiol. 67:87, 1929. 

9. Evans, C. L.: Work of the Heart, J. Physiol. 52:6, 1918. 
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the values for the work and for the efficiency too low, we have deliberately 
chosen a rather high value for the pulmonary arterial pressure; so that any error 
arising from the latter assumption would tend to have the opposite effect. 

The assumptions involved and the sources of error concerned in this method 
for measuring the efficiency of the heart in intact animals have been pointed out 
in some detail, because they indicate that caution must be exercised in placing 
too strict a quantitative interpretation on the results obtained. Any attempt to 
overcome these sources of error would have involved further surgical procedure 
and would have defeated the purpose of the experiments, which was to measure 
as accurately as possible the efficiency of the heart in intact animals. The possi- 
bility of large errors in any given experiment being granted, the changes to be 
reported are so great as to be well beyond any likely error involved in the assump- 
tions underlying the calculations. 


The Efficiency of the Heart in Morphinized Dogs——The data on 
twenty-three control experiments are given in table 3. The calculated 
total coronary blood flow was from 52 to 147 cc. per minute. Per 
gram of heart the coronary flow varied from 0.34 to 1.08 cc. per minute, 
the average value being 0.64 cc. The percentage of the total cardiac 
output passing through the coronary vessels ranged from 2.9 to 12.2, 
the mean value being 5.7 per cent. The utilization of oxygen of the 
blood in the heart was very high, varying from 9.8 to 17.2 volumes 
per cent, with an average of 13.3 volumes per cent. In every animal 
the utilization of oxygen of the blood passing through the heart was 
considerably greater than that of the body in general. The values for 
the systemic arteriovenous oxygen difference ranged between 4.3 and 
10.5 volumes per cent, with an average of 7 volumes per cent. 

In general, about 10 per cent of the total oxygen absorbed was used 
by the heart, the range of values being from 5 to 23.5 per cent. These 
values for the cardiac consumption of oxygen are considerably higher 
than those of Evans, who estimated that the heart used about 4 per 
cent of the total oxygen absorbed. The difference is probably to be 
explained by the fact that our dogs had been subjected to no serious 
surgical procedure and that the hearts were doing considerably more 
work than was being done in Evans’ experiments with heart-lung 
preparations. The oxygen used by the heart per gram per hour varied 
between 2.7 and 9.3 cc., the average being 5.3 cc. This value likewise 
is somewhat higher than that reported by investigators using heart-lung 
preparations. 

The dogs exhibited wide variations in cardiac output, which ranged 
between 0.89 and 2.9 liters per minute. Per kilogram of body weight 
the cardiac output ranged between 56 and 173 cc. per minute, with an 
average value of 101 cc. The figures are somewhat less than those 
reported by Harrison and Blalock.*° The difference can probably be 


10. Harrison, T. R., and Blalock, A.: The Cardiac Output in Pneumonia in 
the Dog, J. Clin. Investigation 2:435, 1926. 
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attributed to the fact that in the present study only large dogs were 
used and that since the output of the heart is more néarly related io 
body surface than to body weight (Grollman*') large dogs tend to 
have a lower output per unit of body weight than do smaller animals. 

Under resting conditions the work of the heart varied between 1.4 
and 7 kilogrammeters per minute, the average being 3.8. The values 
are considerably higher than those reported by Evans and Matsuoka,” 
the difference probably being attributable to the larger size of our dogs 
and to the greater output of the heart of the intact animal as compared 
with that of the heart-lung preparation. Per gram of heart the cardiac 
work per minute varied between 14 and 57, with an average of 27 
grammeters. 

Wide variations in the cardiac efficiency were noted, the values vary- 
ing between 5.7 and 29.4 per cent, with an average of 17.2 per cent. 
The variations cannot be explained by differences in the state of the 
different animals, as they were all in good condition at the time of the 
experiments and had not been subjected to a major surgical procedure. 
In general, the efficiency of the heart was higher in these experiments 
than in those of Evans and Matsuoka. The difference may possibly 
be ascribed to the slower pulse rate in our animals, for Evans demon- 
strated that the energy expended for a given amount of work is greater 
at a rapid than at a slow pulse rate. 


The Effect of Increase in Work on the Mechanical E fficiency of the 
Heart.—In a number of experiments study has been made of the effects 
of increasing the work by infusions, by injecting epinephrine and by 
clamping the carotid arteries. The data are shown in the first six 
experiments listed in table 4. In these experiments a striking increase 
in the coronary blood flow and in the cardiac consumption of oxygen 
occurred. The proportion of the total oxygen absorbed which was used 
by the heart increased strikingly in four of the six experiments. Dimi- 
nution in the systemic arteriovenous oxygen difference and marked 
increase in the output of the heart occurred in each instance. The 
mechanical efficiency of the heart likewise underwent a striking increase 
in each of the experiments. This observation is in accord with those 
of Evans and Matsuoka, who noted that in the heart-lung preparation 
an increase in the work of the heart within physiologic limits was asso- 
ciated with augmented efficiency of its activity. 


11. Grollman, A.: The Cardiac Output of Man in Health and Disease, Spring- 
field, Ill., Charles C. Thomas, Publisher, 1932, p. 86. 

12. Evans, C. L., and Matsuoka, Y.: The Effect of Various Mechanical Con- 
ditions on the Gaseous Metabolism and Efficiency of the Mammalian Heart, J. 
Physiol. 49:378, 1915. 
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That a rise in the cardiac output without an associated elevation 
of blood pressure may cause an increase in mechanical efficiency and 
in the coronary blood flow in the intact animal was proved in one 
experiment (table 4, experiment conducted on June 18) in which the 
blood pressure remained practically constant. 


TaBL_E 4.—The Effect of Increase in Work on the Mechanical Efficiency 
of the Heart 


Per- Ar- 
Mean cent-  terio- 
Arte- age venous 
rial 
- Blood 
Pres- 
Weight y sure, 
ot Mm. 
Date, Animal, . of y " of 
1934 Kg. Conditions . ig Heart 


1/17 14.0 Control A 3 11.0 
After infusion of 200 ce. of blood + 1 mg. 
of epinephrine; carotid arteries 

clamped; vagi cut 


Control 

After infusion of 500 ec. of acacia +1 
mg. of epinephrine. 

After withdrawal of 600 ce. of blood 


Control 
After infusion of 500 
mg. of epinephrine..... 


Control 
After infusion of 500 cc. of acacia; 
earotid arteries clamped 


Control 
After infusion of 1.75 liters of saline solu- 
tion intravenously 


ow 
w 


After infusion of 2.7 liters of saline solu- 
tion intravenously 
Immediately 
Thirty minutes 


After infusion of 1,100 ce. of saline solu- 
tion into coronary sinus 

After infusion of 2,400 ec. of saline solu- 
tion into coronary sinus 


Control 


After infusion of 400 ce. of saline solu- 
tion “and coronary sinus 


In a number of experiments attempts were made to increase the 
work of the heart by measures which might at the same time impair 
its activity. When saline solution, instead of being infused into the 
femoral vein, was introduced into the coronary sinus in large amounts 
(table 4, experiments conducted on April 2 and 4) the coronary flow 
and the cardiac output increased, but the blood pressure and the mechan- 
ical efficiency of the heart failed to rise significantly. It is possible 


1/22 18.1 87 100 4.74 1.79 16.6 
770 244 1.10 10.20 40.0 
179 81 5.24 1.26 
1/16 10.0 61 7.66 0.95 8.6 
le. of acacia + 1 

140 17.3 2.00 4.2% 37.6 
1/11 20.9 54 75 8.4 6.75 1.12 12.4 
137 124 10.2 3.81 3.23 29.6 
6/18 15.9 67 81 10.1 10.15 0.89 7.5 
133 84 15.0 1.72 6.36 30.3 
3/ 5 | ER 138 23.5 8.10 1.20 61 
384 108 24.6 6.50 1.58 5.9 
Control: two hours later.................. 8&8 114 5.1 8.36 1.82 24.7 
235 82 69 436 3.76 25.1 
42 109 13.8 7.73 0.91 8.9 
126 16.4 3.14 2.35 21.6 

2/12 70 9.7 2.44 8.25 29.3 
Anoxemia + 1 mg. of epinephrine......... 650 180 50.4 2.00 1.44 14.4 
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that the inability of the heart to respond to an increase of work with 
a rise in its efficiency may be related to temporary edema of the heart 
muscle as the result of the infusion of saline solution into the coronary 
sinus. 

The effects of anoxemia were evident in the last two experiments 
listed in table 4. Again, in spite of the rise in blood pressure and the 
marked increase in the coronary blood flow, the efficiency of the heart 
did not increase but remained constant in one experiment and diminished 
in the other. The experiments in table 4 appear to indicate that the 
normal cardiac response to a greater load with augmented efficiency is 
prevented when the increase in work is accompanied by measures which 
injure the heart. 


TABLE 5.—The Effect of Chloroform on the Mechanical Efficiency of the Heart 


Per- Ar- 

eent- terio- 
age venous 
of Oxy- 


Min., of 
Conditions " Liters Heart Comment 


Control 


After 0.2 ec. chloroform* 

After 0.9 ec. chloroform* J Moribund 
3/20 5. Control 

After 1.9 cc. chloroform* 


After 1.7 cc. chloroform* Moribund 


* The chloroform was injected intravenously. 


The Effect of Chloroform on Cardiac Efficiency —The summarized 
data on four experiments are presented in table 5, and the complete 
data from one experiment are shown in table 6. The initial change in 
most of the experiments was a decline in the arterial blood pressure. 
Since this usually preceded a decrease in the cardiac output, it was 
probably due to a peripheral action of the drug. The later decline in 
blood pressure was accompanied by, and presumably due to, a diminu- 
tion in the cardiac output. 

Concurrently with the fall in arterial blood pressure the oxygen 
consumption of the animal declined, and at the same time the propor- 
tion of the total intake of oxygen used by the heart increased, although 
the actual oxygen consumption of the heart did not always rise. The 
work done by the heart diminished as the blood pressure declined and 
then decreased still further with the fall in cardiac output. Significant 


Arte- Car- Me- 

Coro- rial Total gen diac chan- 

nary Pres- Oxy- Dif- Out- ical 

Weight Flow sure, gen fer- put Effi- 

of per Mm. Used ence, per ciency 
Date, Dog, 
1934 Kg. 

3/26 eee 144 9.2 5.08 2.56 28.6 
CO Pr 141 10.0 4.34 2.67 30.1 
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diminution in the latter function occurred in each experiment. The 
cardiac output in proportion to the metabolism was unchanged in one 
experiment, markedly increased in one, slightly increased in one and 
markedly decreased in two. The mechanical efficiency of the heart was 
strikingly diminished in four of the five experiments, no significant 
change being noted in one instance. In the latter experiment, that of 
March 26, the animal was moribund at the time of the last observation, 
and it is probable that an oxygen debt was accumulating in the heart. 
In general, the decline in the cardiac output and the mechanical efficiency 
tended to occur together. 


TABLE 6.—Complete Data on One Experiment on the Effect of Chloroform 
on the Heart * 


Inhaling Chleroform 

Conditions Control Control — A 

Oxygen consumed per minute, cc 
Oxygen content of arterial blood, vol. % 


Systemic arteriovenous oxygen difference, vol. %.... 
Oxygen content of coronary venous blood, vol. %.. 
Coronary arteriovenous oxygen difference, vol. % 
Coronary flow per min., ce 
Cardiac consumption of oxygen, per minute, ce 
Percentage of total oxygen used by the heart.... 
Mechanical equivalent of cardiac oxygen, kilogram- 
Mean arterial blood pressure, mm. of Hg 
Work of left ventricle, kilogrammeters per min... 
Assumed workt of right ventricle, kilogrammeters 
per min. 
Total cardiac work, kilogrammeters per min 
Mechanical efficiency of heart 


Skas- 


= 
o 


& 
woo 


* The weight of the dog was 19.1 Kg., and the weight of the heart was 117 Gm. 
t The work of the right ventricle is assumed to be one-third that of the left. 


The experiments with chloroform were complicated by the peripheral 
effect of this drug, which renders difficult the interpretation of results. 
From the observations it is not possible to say whether the essential 
physiologic change in the heart was the diminution in output or the 
decline in efficiency, since the two changes tended to occur together. 
However, the observations indicate clearly that an increase in the arterio- 
venous oxygen difference as the result of diminished cardiac output in 
proportion to metabolism is not an essential feature in heart failure. 

The Effect of Potassium Chloride on Cardiac Efficiency—Four 
experiments are summarized in table 7, and the complete data on one 
experiment are shown in table 8. During the slow intravenous adminis- 
tration of potassium chloride, the mean blood pressure tended to remain 
fairly constant, occasionally exhibiting a temporary increase, which was 
followed in several instances by a sharp decline, with recovery if the 
injections were temporarily discontinued. Constant effects on the coro- 
nary blood flow were not noted, but the function was considerably 


Oxyge f \ 13.49 14.76 8.58 4.84 
5.93 5.74 10.78 12.46 
5.26 3.98 5.08 3.15 
14.16 16.52 14.28 14.15 
117 110 108 43 
16.6 18.2 15.4 6.08 
9.7 10.6 15.3 7.5 
34.0 37.3 31.6 
2.90 2.98 0.94 65 
127 116 58 
4.99 4.69 0.72 29 
1.66 1.57 0.24 10 : 
6.65 $.26 0.96 39 
19.5 16.8 3.0 1 
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increased in some stage of all the experiments. The oxygen consump- 
tion of the animal underwent no constant changes, but the percentage 
of the total amount of oxygen used by the heart tended to increase. 


TasLe 7.—The Effect of Potassium Chloride on the Mechanical Efficiency 
of the Heart 


Per- Ar- 
cent-  terio- 
venous 


Conditions 


After 1.6 Gm. potassium chloride. 
After 2.8 Gm. potassium chloride 


After 0.3 Gm. potassium chloride... . 
After 0.6 Gm. potassium chloride.. 
After 3.7 Gm. potassium chloride.... 


Control 
After 1.25 Gm. potassium chloride 
After 2.8 Gm. potassium chloride 


After 1.9 Gm. potassium chloride.. 
After 3.1 Gm. potassium chloride. 
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TABLE 8.—Complete Data for One Experiment on the Effect of Potassium 
Chloride on the Heart * 


After After 
3Gm. 48Gm. 
Potas- Potas- 
sium sium 
Conditions Control Chloride Chloride 


Oxygen consumed per minute, ce. 

Oxygen content of arterial blood, vol. % 

Oxygen content of mixed venous blood, vol. % 

Systemic arteriovenous oxygen difference, vol. % 

Oxygen content of coronary venous blood, vol. % 

Coronary arteriovenous oxygen difference, vol. %.. 

Coronary flow per minute, cc 

Cardiac oxygen consumption per minute, 

Percentage of total oxygen used by heart 

Mechanical equivalent of cardiac oxygen, kilogrammeters 
per min. 

Cardiac output per min. liters 

Mean arterial blood pressure, mm. Hg 

Work of left ventricle, kilogrammeters per min 

Assumed workt of right ventricle, kilogrammeters per min... 

Total cardiac work, kilogrammeters per min 

Mechanical efficiency of heart 


The work of the right ventricle Was to be tava that of the lett. 
Consistent alterations in the cardiac output were not noted, this function 
remaining relatively constant in some experiments and undergoing tem- 
porary changes in either direction in others. In the latter stages of two 
experiments the cardiac output in proportion to the metabolism was 


Mean Car- 
Coro- Arte- Total gen  diae chan- 
nary rial Oxy- Dif- Out- ical 
Weight Flow Pres- gen fer- put Eff- 
of per sure, Used ence, per ciency 
Date, Dog, Min. Mm. by Vol. Min. of 
1984 Ce. Hg Heart % _ Liters Heart 
138 12.3 1.72 18.0 
136 10.1 2.01 16.9 
147 8.4 22.6 
142 11.1 20.3 
eT 134 11.2 16.5 
117 98 1 9.7 
5/12 13.0 120 12.3 15.9 
116 9.3 19.6 
45 2.1 1 1.6 
4/5 17.6 106 6.0 29.4 
8.3 19.9 
126 99 121 
17.43 15.66 15.06 
9.81 8.83 7.99 
7.62 6.83 7.07 
6.66 4.00 2.42 
10.77 11.66 12.64 
: 42 42 72 
4.5 4.9 9.1 
4 3.6 5.0 7.5 
9.3 10.1 18.7 
1.65 1.45 1.71 
64 74 54 
1.51 1.58 1.32 
0.50 0.51 0.44 
2.01 2.04 1.76 
21.6 20.3 9.4 
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considerably diminished, but this change was not noted in the other 
three experiments. The mechanical efficiency of the heart underwent 
significant decrease in each of the experiments. 

The observations indicate that in heart failure produced by potassium 
chloride the impaired cardiac activity is manifested by a decline in the 
functional efficiency rather than in the amount of blood expelled. They 
are in agreement with the results observed in the heart-lung preparation 
as fatigue of the heart sets in, for here also the essential physiologic 
change consists in an increased expenditure of energy as dilatation 
develops rather than a decrease in the performance of work. 


COMMENT 


Since the present study is the last of several devoted to the subject 
of the pathogenesis of heart failure, it may be permissible to summarize 
briefly the more important conclusions which have been arrived at in 
regard to this general problem. 

The Relation of Congestive Heart Failure to the Cardiac Output.— 
The majority of patients with advanced cardiac disease exhibit a dimi- 
nution in the minute volume of the heart.** No correlation exists 
between the degree of decline in this function and the clinical state of 
the patient. Improvement with disappearance of congestive phenomena 
may be associated with no change or with alterations in either direction 


in the cardiac output.'* In acute experimental heart failure the amount 
of blood pumped by the heart may or may not be diminished. Experi- 
mental procedures, producing hemorrhage and shock, which are regu- 
larly associated with marked decline in this function, are not ordinarily 
accompanied by congestive phenomena. 

Diminution in the cardiac output fails to account for the occurrence 
of edema."* 


13. Friedman, Clark, Resnik and Harrison.1» Friedman, Resnik, Calhoun and 
Harrison.1¢ Resnik, Friedman and Harrison.14 

14. Edema in patients with heart failure has sometimes been ascribed to an 
increase in the permeability of the capillaries as the result of diminished cir- 
culation through them. Since the capillaries are normally freely permeable to 
water and to small molecules, such an increase in permeability can account for 
edema only when it is sufficiently marked to allow the escape of significant amounts 
of protein into the tissue fluids, with a resultant increase in the colloid osmotic 
pressure in the intercapillary spaces. However, it has been demonstrated (Gilligan, 
D. R.; Volk, M. C., and Blumgart, H. L.: J. Clin. Investigation 13:365 [May] 
1934. Schade, H.: Ergebn. d. inn. Med. u. Kinderh. 32:425, 1927. Youmans, 
J. B.: Personal communication to the authors.) that the edema fluid of persons 
with congestive heart failure has a low protein content. This observation indi- 
cates that increased capillary permeability as the result of diminished circulation 
is not the essential factor in the production of cardiac edema. 
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The hypothesis of forward failure (diminished output) fails to 
account for cardiac dyspnea, for this symptom has been shown to be 
unrelated to gases in the blood and to either the systemic * or the cerebral 
blood supply ** in the majority of subjects with congestive heart failure. 

Certain patients exhibit simultaneously the clinical phenomena of 
congestive heart failure and those of circulatory collapse. Such clinical 
manifestations as a feeble thready pulse, diminution in the blood 
pressure and the pulse pressure, weakness and, in certain cases, syncope 
are encountered in persons with coronary thrombosis, acute diphtheritic 
myocarditis, massive pericardial effusion, chronic obliterative pericarditis 
and the Stokes-Adams syndrome. In such cases decline in the cardiac 
output is responsible for the phenomena of circulatory collapse. 

As a rule, diminution in the blood supply of the tissue, of sufficient 
severity to produce symptoms is of peripheral rather than cardiac origin. 
The clinical picture of shock or collapse (the hypokinetic syndrome) 
may be brought about by disorders, such as hemorrhage, secondary 
shock and severe dehydration, which diminish the circulating blood 
volume (the hematogenic type) ; by disturbances of the central nervous 
system, such as fainting, injury to the spinal cord and spinal anesthesia, 
which lower the blood pressure (neurogenic type) ; by agents, such as 
histamine and nitrites, which lower the blood pressure through direct 
dilation of the vessels (vasogenic type), or by disorders of the heart, 
such as those mentioned in the previous paragraph, which lead to an 
excessive and often acute diminution in its output (cardiogenic type). 
The important point is that a decrease in the amount of blood pumped 
by the heart, regardless of its underlying cause, is associated not with 
the congestive but with the collapse type of circulatory failure. 


The Relation of Congestive Heart Failure to Back Pressure.—The 
idea that the clinical manifestations of heart failure were dependent on 
back pressure was generally accepted from the time of the publication 
of James Hope’s book until the present century. In more recent years 
the concept has fallen into disrepute, particularly among British and 
American clinicians. The chief objection to the back pressure theory 
has been based on the assumption that it necessarily implies regurgi- 
tation through the auriculoventricular valves. This, however, is not 
true, for the auricular pressure may rise as a result of dilation of the 


15. Cullen, G. E.; Harrison, T. R.; Calhoun, J. A.; Wilkins, W. E., and Tims, 
M. M.: Studies in Congestive Heart Failure: XIII. The Relation of Dyspnea 
of Exertion to the Oxygen Saturation and Acid-Base Condition of the Blood, 
J. Clin. Investigation 10:807, 1931. Calhoun, J. A.; Cullen, G. E.; Harrison, T. 
R.: Wilkins, W. E., and Tims, M. M.: Studies in Congestive Heart Failure: 
XIV. Orthopnea. Its Relation to Ventilation, Vital Capacity, Oxygen Saturation 
and Acid-Base Condition of Arterial and Jugular Blood, ibid. 10:833, 1931. 
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ventricle by residual blood, so that a greater pressure gradient is required 
in diastole in order for the ventricle to receive a given amount of blood. 
This sequence of events may come about in the absence of regurgitation 
through either the mitral or the tricuspid orifices. The failure to appre- 
ciate properly the fact that back pressure may be the result of changes 
in pressure during diastole rather than during systole has been respon- 
sible for the discredit into which the backward failure theory has fallen. 

According to the back pressure theory congestive phenomena may 
occur either independently or concurrently in the two vascular beds. 
The work of Eyster*® and of others ** has established the fact that 
when heart failure is associated with engorgement of the liver and sub- 
cutaneous edema the systemic venous pressure is elevated. In otfier 
patients with heart failure, as revealed by congestive phenomena in the 
lungs, the systemic venous pressure is normal. Since it is not possible 
to measure accurately the pressure in the pulmonary veins of man, 
direct evidence that congestion of the lungs is associated with a rise 
in the pulmonary venous pressure is lacking. However, convincing, 
although indirect, evidence along the same line is furnished by measure- 
ment of the vital capacity, which is invariably diminished in patients 
with rales in the lungs or with any considerable degree of cardiac 
dyspnea. 

That failure of one side of the heart only may occur is illustrated 
by the experiments with chloroform, in which pulmonary edema devel- 
oped in the animals without a rise of the systemic venous pressure. 
Such observations cannot be explained on the basis of forward failure 
and constitute rather conclusive evidence in favor of the hypothesis of 
backward failure. 

The concept of back pressure also furnishes an adequate explana- 
tion of the important clinical manifestations of heart failure. Edema is | 
accounted for by the rise in systemic venous pressure. The consequent 
congestion of the liver suffices to explain its enlargement. Distention 
of the venules and the venous ends of the capillaries of the skin as a 
result of the heightened venous pressure accounts for cyanosis. Dyspnea, 
the most important subjective phenomenon of persons with cardiac fail- 
ure, has been shown to be dependent in the main on two factors: 
decrease in respiratory reserve (i. e., in vital capacity), and reflex 


16. Eyster, J. A. E.: The Clinical Aspects of Venous Pressure, New York, 
The Macmillan Company, 1929. 

17. Blumgart, H. L., and Weiss, S.: Clinical Studies on the Velocity of 
Blood Flow: XI. Pulmonary Circulation Time, the Minute Volume Blood Flow 
Through the Lungs and the Quantity of Blood in the Lungs, J. Clin. Investiga- 
tion 6:103, 1928. Schott, E.: Die Erhérung des Druckes im venésen Blute bei 
Anstrengung als Mass fiir die Funktionstiichtigkeit des menschlichen Herzens, 
Deutsches Arch. f. klin. Med. 108:537, 1912. 
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stimulation of respiration. Both these results are brought about by 
engorgement of the lungs as the result of back pressure from a dilated 
left ventricle or from a contracted mitral orifice. Direct proof that an 
increased amount of blood exists in the lungs of patients with cardiac 
dyspnea has been afforded by the observations following the application 
of the injection methods. which have been cited.'® 

The Relation of Cardiac Enlargement to Back Pressure and to Con- 
gestive Heart Failure—If one leaves out of consideration certain cases 
of pericardial disease in which the filling of the heart is impaired by 
fibrosis or by fluid, it is safe to assert that the one constant postmortem 
observation in persons dying of congestive heart failure is enlarge- 
ment of the heart. Dilatation of one or both of the ventricular cavities 
is invariably present, whether the cardiac disorder has been acute or 
chronic, and in persons with chronic congestive failure hypertrophy of 
some degree is regularly encountered. The failure to appreciate the 
importance of these observations in the interpretation of the mechanism 
of congestive failure has led to much unnecessary confusion. Studies 
of the heart-lung preparation have shown that slight degrees of dila- 
tation of the heart, when due to greater work, are associated with 
increasing mechanical efficiency but that when the dilatation is the result 
of impairment of the muscle it is accompanied by progressive decline 
in the efficiency. The observations reported in the present paper indi- 
cate that these conclusions hold true for the whole animal and suggest 
that the conclusions arrived at from the study of the heart-lung prepa- 
ration are applicable to heart failure in the intact organism. 

The capacity of the heart to increase its work depends on its ability 
to dilate and thereby expend more energy. The heart which is already 
dilated is drawing on its reserve power and hence has a smaller margin 
of safety. Even so, the failing heart may retain a considerable although 
much diminished ability to increase its work. Under resting conditions 
congestive heart failure (the dyskinetic syndrome) is characterized not 
so much by the diminished performance of work as by the necessity to 
expend more energy in order to perform a given task. 


18. Harrison, T. R.; Harrison, W. G., Jr.; Calhoun, J. A., and March, J. P.: 
Congestive Heart Failure: XVII. The Mechanism of Dyspnea on Exertion, Arch. 
Int. Med. 50:690 (Nov.) 1932. Harrison, W. G., Jr.; Calhoun, J. A.; March, 
J. P., and Harrison, T. R.: Congestive Heart Failure: XIX. Reflex Stimulation 
of Respiration as the Cause of Evening Dyspnea, ibid. 53:724 (May) 1934. Har- 
rison, T. R.; King, C. E.; Calhoun, J. A., and Harrison, W. G., Jr.: Congestive 
Heart Failure: XX. Cheyne-Stokes Respiration as the Cause of Paroxysmal 
Dyspnea at the Onset of Sleep, ibid. 53:891 (June) 1934. Harrison, T. R.; Cal- 
houn, J. A., and Harrison, W. G., Jr.: Congestive Heart Failure: XXI. Obser- 
vations Concerning the Mechanism of Cardiac Asthma, ibid. 53:911 (June) 1934. 

19. Weiss and Robb. Hamilton, Moore, Kinsman and Spurling.* 


HARRISON ET AL.—EXPERIMENTAL HEART FAILURE 947 


It is probable that dilatation in some degree precedes and possibly 
causes hypertrophy. The latter phenomenon sometimes develops in sub- 
jects who have no valvular lesion, no increase in blood pressure and no 
obvious cause for a general increase in the work of the heart. In such 
cases areas of disease are usually encountered in the heart muscle. 
Probably it makes no difference as regards the individual healthy muscle 
fiber whether it encounters an increased load because of excessive strain 
on the heart as a whole or because the diseased fibers are unable to 
carry on their share of the work. In either instance the fiber exposed 
to overwork tends to become thicker. 

Hypertrophy offers a mechanical advantage because the thicker fiber 
is more powerful. Unfortunately, it carries with it a potential chemical 
disadvantage which becomes actual once a certain degree of hypertrophy 
has been exceeded. Normally, animals with thick cardiac fibers have a 
slow heart rate, and vice versa.*° The lengthened period of diastole 
allows more time for the diffusion of oxygen to take place into the 
thicker fibers and hence for recovery between contractions. As the 
human heart hypertrophies, its rate does not undergo a corresponding 
diminution but often increases. The resulting inadequate supply of 
oxygen to the fibers tends to induce dilatation, which probably again 
tends to lead to further hypertrophy, and so the vicious cycle proceeds, 
the energy necessary to accomplish a given work constantly increasing. 
Eventually the dilatation proceeds to a point where the amount of 
residual blood in the ventricle begins to offer resistance to the inflow 
of blood from the auricle. The pressure in the latter chamber rises, 
the corresponding veins become distended and engorgement ensues in the 
capillary bed. Since in the majority of patients the underlying disease 
process is of such a nature as to affect primarily the left side of the 
heart, congestion of the lungs and dyspnea usually precede systemic 
engorgement and edema. After a time the increase in pulmonary 
pressure leads to failure of the right side of the heart by means of a 
similar chain of events. 

This process of backward failure was clearly described by James 
Hope a hundred years ago. He attributed it to dilatation of the heart. 
Starling and his co-workers demonstrated that dilatation, when brought 
about by processes which impair the heart, is associated with inefficient 
activity. The recent work on the cardiac output of man and the present 
studies on experimental heart failure in dogs add further confirmation 
to the conclusions of Hope and of Starling. Congestive heart failure 
is a matter of inefficiency rather than insufficiency of the myocardium. 


20. Harrison, T. R.; Ashman, R., and Larson, R. M.: Congestive Heart 
Failure: XII. The Relation Between the Thickness of the Cardiac Muscie Fiber 
and the Optimum Rate of the Heart, Arch. Int. Med. 49:151 (Jan.) 1932. Har- 
rison, T. R.: Enlargement of the Heart, Internat. Clin. 1:39, 1934. 
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SUMMARY 


A method has been described for measuring the coronary blood flow 
of the dog by means of a cannula passed through the right external 
jugular vein into the coronary sinus. With this procedure it is possible 
to calculate the consumption of oxygen and the mechanical efficiency of 
the heart under various conditions. The sources of error involved have 
been discussed. 

Values are reported for the coronary blood flow and for the work, 
oxygen consumption and mechanical efficiency of the hearts of morphin- 
ized dogs subjected to no surgical procedure other than the insertion 
of arterial and venous cannulas. The amount of oxygen consumed by 
the heart was in general about 10 per cent of that used by the body as 
a whole. The average value for the mechanical efficiency of the heart 
was 17 per cent. 

An increase in work produced either by increasing the cardiac output 
or by raising the blood pressure caused an increase in the mechanical 
efficiency of the heart. 

Heart failure produced by chloroform was associated with a decline 
in arterial blood pressure, in oxygen consumption and in cardiac output. 
The proportion of the oxygen absorbed by the heart increased, and the 
mechanical efficiency of the heart diminished. The systemic venous 
pressure rose only when the animal was moribund. The cardiac out- 
put in proportion to the metabolism underwent no constant changes. 
At autopsy the heart was observed to be dilated and the lungs were 
edematous. 

Heart failure produced by potassium chloride was associated with a 
rise in systemic venous pressure, but edema of the lungs did not develop. 
Constant alterations in the arterial blood pressure,- cardiac output and 
arteriovenous oxygen difference were not noted. The cardiac consump- 
tion of oxygen increased, and the mechanical efficiency of the heart 
diminished. Dilatation of the heart was a constant postmortem obser- 
vation. 

The observations support the validity of the backward failure (back 
pressure) theory of the mechanism of heart failure. They are not in 
accord with the forward failure (diminished output) hypothesis. They 
demonstrate that in the intact animal, as in the heart-lung preparation, 
heart failure is characterized by an increase in the volume of the heart 
and a decrease in the mechanical efficiency. 


OPTIMUM TIME TO ADMINISTER INSULIN 


ANTHONY SINDONI Jr, M.D. 
Chief of Staff on Diseases of Metabolism, St. Agnes Hospital 
PHILADELPHIA 


There is a controversy as to the optimum time to administer insulin. 
Many physicians are of the opinion that it should be given immediately 
before meals; others, within from fifteen to twenty minutes before 
meals, and still others, a half-hour before meals. The practice of 
injecting insulin before meals, irrespective of the type of diet, had been 
universal since the discovery of the hormone. 

When the use of insulin in the treatment of diabetes had its incep- 
tion physicians prescribed diets high in fat and low in carbohydrate, 
but recently most doctors have adopted diets high in carbohydrate and 
low in fat. With this change in the proportions of carbohydrate and fat, 
there comes about a change in the rapidity and amount of absorption 
of carbohydrate, a change which should influence the time interval for 
the injection of insulin. I have seen patients with diabetes acquire 
symptoms of hypoglycemia within five minutes after the injection of 
insulin and while eating or within thirty minutes or more after eating. 
It is evident that the interval between the injection of insulin and the 
eating of food should be the maximum which does not lead to the devel- 
opment of symptoms of hypoglycemia before the carbohydrate of the 
meal can be absorbed. This interval for injection of insulin should be 
within from fifteen to twenty minutes after meals, not before. 

From observations I have found that in patients not having diabetes 
the blood sugar is maintained at relatively constant levels except during 
the period following meals when the dextrose in the food is being 
absorbed. Then the level of the blood sugar is slightly elevated but 
within the normal physiologic limits, and frequently toward the end of 
the absorption, the blood sugar may be reduced below the level during 
fasting. The reason for this maintenance of the blood sugar at the 
normal level is that there is, in all probability, a constant production of 
insulin—a greater production, perhaps, at the peak of absorption of car- 
bohydrate, which further stimulates the islands of Langerhans, causing 
oxidation of still more dextrose. It appears, therefore, that the control 
of the secretion of insulin by the islands of Langerhans to insure proper 
oxidation of carbohydrate is dependent to a large extent on the rate and 


Read before the Cape May County Medical Society, Nov. 13, 1934. 
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amount of absorption of the dextrose of the food. Zunz and La Barre * 
found that increase in the pancreatic juice caused by the introduction 
of hydrochloric acid into the duodenum increased the pancreatic secre- 
tion of insulin, as was evidenced by the reduction of the blood sugar 
content. It has been shown definitely in dextrose tolerance tests given 
to normal persons that repeated doses of dextrose cause hypoglycemia 
or little or no change in the level of the blood sugar. The interesting 
fact is that in a patient having no diabetes the sugar in the blood fre- 
quently falls below the fasting level within two hours after the taking of 
dextrose, when there is still considerable absorption from the intestine. 
Frank * advanced the theory that hypoglycemia of this type is due to 
overstimulation of the glycogen-forming function of the liver. Foster * 
claimed that the first dose of dextrose stimulates the glycogenic mecha- 
nism to such activity that the organism is able to deal with any amount 
of dextrose without becoming hyperglycemic. 

As to the rate of absorption of carbohydrate or dextrose in normal 
persons, it has been shown to reach its peak, within the normal range 
for blood sugar, about thirty minutes after ingestion, as is evinced by 
specimens of blood taken at thirty minute intervals; samples taken at 
thirty minute intervals are more informative than those taken at sixty 
minute intervals.* After this peak has been reached, the curve descends, 
not infrequently below the fasting level. 

Patients with diabetes, on the other hand, react to the absorption 
of dextrose or carbohydrate with distinct hyperglycemia, because the 
insulin-glycogen mechanism fails. MacLean and de Wesselow ° pre- 
sented a comparison of the curves for the blood sugar of a normal man 
and a patient with diabetes after each had taken 50 Gm. of dextrose. 
The curves rise sharply by nearly the same amount for the first hour. 
At this point the curve for the normal subject breaks and soon begins 
to fall rapidly to the fasting level, whereas the curve for the patient 
with diabetes continues to rise unchecked for two or more hours, as 
long as absorption continues. Evidently the peak of absorption of dex- 
trose from the meal in the normal person is not the peak in the patient 


1. Zunz, E., and La Barre, J.: Does the Exocrine Activity of the Pancreas 
Influence the Secretion of Insulin? Compt. rend. Soc. de biol. 104:790, 1930. 

2. Frank, E.: Weitere Beitrage zur Physiologie des Blutzuckers, Ztschr. f. 
physiol. Chem. 70:291, 1910-1911. 

3. Foster, G. L.: Studies on Carbohydrate Metabolism, J. Biol. Chem. 55:303, 
1923. 

4. Exton, W. G., and Rose, A. R.: Diabetes as a Life Insurance Selection 
Problem, Proc. A. Life Insur. M. Dir. America (1931) 18:252, 1932. 

5. Exton, W. G., and Rose, A. R.: The One-Hour Two-Dose Dextrose 
Tolerance Test, Am. J. Clin. Path. 4:381 (Sept.) 1934. 

6. MacLean, H., and de Wesselow, O. L. V.: The Estimation of Sugar To!- 
erance, Quart. J. Med. 14:103, 1921. 
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with diabetes. This is so because the production of insulin in the latter 
is defective and not sufficient to oxidize the carbohydrate, with the result 
that much escapes combustion and accumulates. The extent of the 
hyperglycemia is, in all probability, dependent on the degree of damage 
to the insulin-secreting mechanism, the islands of Langerhans, which 
affect rate and amount of absorption of carbohydrate. Allen’ gave his 
paradoxical law based on animal experiments as follows: “Limits of 
tolerance in non-diabetic animals are all apparent; not real. There is 
no real limit of the power of utilizing sugar except death. The para- 
doxical law of dextrose distinguishes sharply between diabetic and every 
type of non-diabetic animal. Limits of tolerance in diabetic animals are 
real and not apparent. Just the opposite of the paradoxical law.” 

Since the present-day dietary treatment for diabetes is to give a diet 
higher in carbohydrate, as advocated by Gray and Sansum,’ Thomas 
and Howard,’ Richardson ?° and others, rather than diet lower in carbo- 
hydrate and higher in fat, as advocated by Newburgh and Marsh," 
the absorption of dextrose from the meal takes place more rapidly. 
This is, of course, subject to considerable variation in different persons. 
In addition, the absorption, besides being sudden, is prolonged, perhaps, 
by the proteins and fats, which respond to the insulin more slowly. 
Various gastric or intestinal disturbances may also prolong and inter- 
fere with the absorption. Absorption under such conditions may pro- 
long the hyperglycemia by four or more hours, before the blood sugar 
returns to its original fasting level. Rehfuss** found that the stomach 
took, on an average, four hours and two minutes to digest a meal con- 
sisting of 100 Gm. of potatoes, 40 Gm. of butter and 100 Gm. of ham- 
burger steak. In dextrose tolerance tests in which only dextrose and 
water are given to the patients with diabetes and there is no interference 
by other foods, absorption is almost immediate, so that following inges- 
tion three or more hours elapse before the blood sugar returns to the 
fasting level, as is evidenced by the hyperglycemia revealed in the blood 
sugar tests at thirty minute intervals. 


7. Allen, F. M.: Glycosuria and Diabetes, Boston, W. M. Leonard, 1913, 
p. 1179. 

8. Gray, P. A., and Sansum, W. D.: The Higher Carbohydrate Diet Method 
in Diabetes Mellitus, J. A. M. A. 100:1580 (May 20) 1933. 

9. Thomas, H. M., Jr., and Howard, J. E.: Higher Carbohydrate Diet in 
Diabetes Mellitus, Virginia M. Monthly 59:516 (Dec.) 1932. 

10. Richardson, Russell: High Carbohydrate Diets in Diabetes Mellitus, Am. 
J. M. Se. 177:426 (March) 1929. 

11. Newburgh, L. H., and Marsh, C.: Further Observations on the Use of a 
High Fat Diet in the Treatment of Diabetes Mellitus, Arch. Int. Med. 31:455 
(April) 1923. 

12. Rehfuss, M. E.: Proteins Versus the Carbohydrates: An Inquiry into 
Their Gastric Digestion, J. A. M. A. 103:1600 (Nov. 24) 1934. 
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Physiologic data indicate that the maximum effect of insulin may 
be secured from one half to three quarters of an hour after injection.’’ 
This, of course, is also subject to individual variation. I have found 
reactions to insulin within five minutes after injection. It is evident 
from clinical observations that the rate of absorption of insulin depends 
further on the condition of the cardiovascular system, on the patient's 
age and on the duration of the diabetes. In adults who have diabetes 
of such long duration that advanced premature arteriosclerosis has taken 
place the circulation is not so responsive as it is in normal persons, 
and there is a decrease in the volume per minute.** This decrease may 
cause a delay in the absorption of insulin, for in young adults with 
diabetes of short duration, in whom arteriosclerosis is not so extensive 
or has not made its appearance, there is more rapid absorption of insulin. 
Fletcher and Campbell *® tabulated results obtained in five normal per- 
sons and fifteen patients with diabetes when insulin was given in the 
morning before breakfast after a sample of blood was taken for the 
determination of the sugar content. Further samples were taken at 
intervals of one hour for four hours. It was noted that the extent of 
the fall in the blood sugar did not bear any accurate relationship to the 
amount of insulin given; in one patient 20 units brought about a greater 
fall than 30 units did, a fall almost as great as that which 50 units 
caused. Macleod ** described an experiment in which a group of animals 
was starved for twenty-four hours before insulin was given intra- 
venously and in varying doses. The level of the blood sugar came down 
very rapidly and was lowest in about half an hour after the injection 
had been made. This was interesting because of the fact that within 
very wide limits of dosage the level of the blood sugar came down in 
different animals at exactly the same rate. 

Realizing that there is a rapid and prolonged absorption of carbo- 
hydrate from a meal in a patient with diabetes, I decided to determine 
how soon hyperglycemia took place after a meal higher in carbohydrate, 
so as to estimate the optimum time for administering insulin to secure 
its more complete utilization in oxidizing the dextrose from the food 
first instead of that present after fasting. 

Clinica] data have shown that if insulin is given at an interval which 
causes rapid oxidation of the dextrose present after fasting to the extent 
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of producing hypoglycemia before the carbohydrate of the meal can be 
absorbed, the patient is exposed to serious deleterious effects. This is 
more apparent in an elderly diabetic patient with advanced cardiovas- 
cular disease, in whom the effect may vary from the precipitation of an 
attack of angina to actual fatality.* Turner cited the occurrence 
of attacks of angina dependent on insulin shocks. Wohlwill *° found 
marked changes in the brain cells caused by an overdose of insulin. 
Blotner ** cited reports of death from cardiac infarction due to too 
sudden reduction of the blood sugar following injection of insulin. 
Ravid ** reported a case in which when insulin therapy was given marked 
progression of a retinal involvement developed, evinced by numerous 
small hemorrhages in both fundi. “As long as we find such severe 
complications with the overdose of insulin, we must strongly advise 
against the method of forcing the administration of insulin until mild 
reactions are encountered.” 7° 

If patients took their insulin after their meals, would not the reac- 
tions or shocks that occur be less severe and harmful? They would be 
less severe because there is available the dextrose of the food, plus, 
perhaps, that present after fasting to offset the tendency toward a 
decreased reserve of glycogen. If the insulin is given before the meal 
there is only the dextrose present after fasting with no carbohydrate 
of the food available, thus encouraging a tendency toward decreasing 
the glycogen reserves throughout the body through the necessity to 
reconvert glycogen to dextrose to compensate for the deficiency in blood 
sugar. 

From past clinical and experimental observations there were reasons 
enough to believe that if insulin were given at the inception of the 
increase in hyperglycemia induced by the absorption of the carbohydrate 
of the food, detrimental effects would be less marked. Thus I pro- 
ceeded to determine the rapidity of onset of the hyperglycemia produced 
by the regular diet prescribed for a group of patients with diabetes 
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who had been treated previously with a diet or with both insulin and 
a diet. The patients, selected from the clinic for patients with diabetes 
at the Lankenau Hospital, were of various ages and had from mild to 
extensive sclerosis of the cardiovascular system, a factor which per- 
haps affects the rate of absorption of the carbohydrate of the food. 
The diets were higher in carbohydrate. Carbohydrate averaged from 
100 to 180 Gm., fat from 80 to 100 Gm. and protein from 50 to 
80 Gm. Sister Maude Dehrman, the chief dietitian, with the aid of 


Loo 


Chart showing the reduction in blood sugar in patients taking insulin after 
meals for an average of forty days. The figures at the left indicate the initial 
level. 


Miss Ethel Hobson, prepared and weighed the food. Miss Benita 
Schubert made the examinations for blood sugar (Folin-Wu). Each 
patient was given his regular weighed breakfast. An estimation of the 
blood sugar was made before the meal, immediately after the meal and 
again in from fifteen to twenty minutes—three examinations of the 
blood. Table 1 lists the group examined, showing the age and weight 
of each patient, the duration of the diabetes, the previous treatment 
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with diet or with both insulin and diet, the complications present, if 
any, and the values for the blood sugar determined after fasting, imme- 
diately after the meal and again in from fifteen to twenty minutes. 


TaBLE 1.—Data on Patients with Diabetes Taking Insulin After Meals 


Blood Sugar Values 


Previous 
Treatment 


Imme- From 15 to 
diately 20 Minutes 
After After 
Eating Eating 


o Diet or 
Weight, Diabetes, Both Insulin 
Lbs Years and Diet 


Compli- 
cations 
Present 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
Gangrene of 
right foot 


Neuritis of 
right lower 
extremity 


Carbuncle 


After 


Age Fasting 


> 
> 


Bana 


on neck 


SUMMARY 


The administration of insulin after meals has proved to be advan- 
tageous to the patient in several ways, and for comparison I have tabu- 
lated the observations with both methods thus : 


Point of Comparison 


Occurrence of hypoglycemia 
causd by insulin 


Storage of glycogen 
Utilization of insulin 


Deleterious effects............. 


Effect of taking insulin in ad- 
vance cardiovascular sclerosis 
with impairment of heart 


Influence of diet higher in 
carbohydrates 


Attitude of hospital patients 
toward injection 


Effect on diabetes mellitus.... 


Patient 


Insulin Before Meals 
More liable 
Good 
More complete oxidation of 


sugar present after fasting: 
less of sugar from the meal 


More liable 
Dangerous 


Good 
Frequently disturbed 
Good 


Good 
Good 


Contented 


Insulin After Meals 
Less liable 


Better 


More complete oxidation of 
sugar from the meal; perhaps 
more gradual oxidation of 
that present after fasting as 
evidenced by reduction in 
fasting blood sugar 

Less liable 


Safer 


Better 
Less disturbed 
Better 


Better 


Better; more rapid improve- 
ment evidenced by reduction 
in blood sugar and in total 
dose of insulin and by general 
physical condition of patient 


More contented 


) 
l 
) 
Patient 
4 3 l Diet 200 210 220 
Both 320 340 450 
2 Both 100 330 340 
i) Both 220 255 215 
Diet 160 140 190 
Both 110 115 165 
Diet 95 150 145 
Both 145 225 250 
Both 225 270 380 
Diet 100 120 150 
Both 230 270 260 
Diet 100 125 115 
Both 270 390 400 : 
Both 260 255 325 
Diet 120 145 125 
Both 320 268 337 
Diet 120 140 165 
Diet 140 150 115 
Both po 130 250 225 
40 131 7 Both 150 130 140 
Disposition of patient......... 
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Therefore, I strongly advocate that when insulin is indicated for 
patients on diets high in carbohydrate it be given within from fifteen 
to twenty minutes after the meal. 

Thus there were patients with diabetes who immediately after break- 
fast showed the blood sugar slightly decreased from the fasting level. 
Perhaps the little dextrose that was absorbed in a short interval after 
the meal stimulated the islands of Langerhans, the insulin-secreting 
mechanism, to the extent that sufficient insulin was secreted to oxidize 
the carbohydrate ; but as the absorption continued, the islands, damaged 
perhaps by infection or inflammation, or with their function inhibited 
by neurogenic or endocrine disturbances, were unable to secrete sufh- 
cient insulin to oxidize the increasing dextrose from the meal with the 
result that much escaped combustion had accumulated, producing an 
increase in the hyperglycemia. 

The patients who showed a sudden rise in blood sugar immediately 
after eating demonstrated perhaps that the insulin-secreting mechanism 
was extensively damaged. There was insufficient insulin to oxidize the 
rapidly absorbed carbohydrate of the meal, with the result that a large 
percentage of the dextrose escaped oxidation and accumulated. This 
type of rapidly increased hyperglycemia is usually extended several 
hours before the blood sugar returns to the original fasting level; in the 
meantime, it causes extensive metabolic disturbances. 

It is evident from these observations that if insulin were given 
within fifteen or twenty minutes after the meal, at the inception of the 
increase in hyperglycemia following ingestion of food, there would be 
more complete utilization of the insulin. The results would be: (1) 
better and more complete oxidation of the carbohydrate of the meal; 
(2) better storage of glycogen; (3) less likelihood of producing hypo- 
glycemia; (4) an increased margin of safety against the deleterious 
effects of insulin “shock” on the already damaged cardiovascular system 
of the elderly patient with diabetes, and (5) generally better response 
to insulin therapy. Such effects have been evident in patients taking 
insulin after meals, and these patients have always professed the greatest 
satisfaction. The anxiety caused by having to eat a meal within fifteen 
minutes after an injection of insulin often caused a patient much mental 
disturbance and frequently precipitated “mild shock.” Often, if a patient 
received a meal at the end of the usually required interval after an 
injection of insulin, he hurried in eating the food in order to offset 
any possibility of insulin “shock,” and not infrequently such a reaction 
occurred. Often a patient disliked the idea of having to take insulin 
before meals, and this frequently disturbed the disposition. On the 
other hand, a patient often had a reaction to insulin when there was an 
undue delay in serving the tray. Then there were times when the tray 
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arrived before insulin was given, and the patient had to wait, a delay 
which often caused the food to become cold and unappetizing. 

When insulin is given after meals, all these disadvantages are elimi- 
nated. Already patients have shown improvement by a reduction in the 
blood sugar and in the total dose of insulin and by an improvement in 
the general well-being. Table 2 lists a few of the many patients taking 
insulin after meals, with the effects and comments. 
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Our purpose in this paper is to present our classification of chronic 
gastritis on the basis of the gastroscopic picture and the prognosis. 

The term chronic gastritis is applied to nonspecific inflammatory 
changes in the gastric mucosa or to their end-results. The question at 
once arises as to whether these changes can be subdivided into types. 
We believe, on the basis of our experience, that chronic gastritis can be 
subdivided into four types, which differ in the gastroscopic picture and 


the prognosis. 
HISTORICAL INTRODUCTION 

The existence of chronic gastritis was denied for several decades. 
Only a few investigators consistently defended its occurrence, notably, 
Faber and Kuttner. Even today it is often necessary to offer proofs 
of its existence. This seems strange, for in the mucous membranes of 
other regions of the body inflammation is the most common disease. 
The question then at once arises: How can such an extensive mucous 
membrane as that of the stomach remain free from inflammatory 
changes? The possibility of a specific protection against inflammation 
might be raised, but, to our knowledge, it has not been suggested. The 
opinion that chronic gastritis does not exist evidently arose from the 
fact that it is difficult to demonstrate chronic gastritis anatomically, 
either grossly or histologically. The stomach of the cadaver always 
shows marked pathologic changes, most of which, however, were early 
recognized as postmortem changes. There was no way to prove a diag- 
nosis of gastritis during life. Therefore the conception of this disease 
entirely disappeared. The occurrence of acute gastritis, on the con- 
trary, has always been admitted, but the diagnosis was made on clinical 
grounds only and without morphologic confirmation. 
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Within the past two decades the great frequency of chronic gastritis 
has again been recognized. Two methods of research have been respon- 
sible for this swing in the opposite direction, namely, microscopic 
examination of the freshly resected specimen (especially by Faber, 
Stoerk and Konjetzny) and systematic gastroscopic examination (by 
one of us [R. S.] and contemporaries). Attempts at diagnosis by the 
roentgen relief method have followed—a poor third. No clear clinical 
picture has yet been established. 


HISTOLOGIC METHOD AND CLASSIFICATION 


The normal histologic appearance of the mucous membrane of the 
human stomach is not well known. The problem is difficult to approach. 
Postmortem changes due to autolysis arise so quickly that it is practi- 
cally impossible to inject a fixative solution sufficiently rapidly into the 
stomach to allow study of the structure of the mucous membrane as it 
is during life. The freshly resected specimen can be fixed immediately, 
but for two reasons the examination of these specimens is also rendered 
somewhat useless for the purpose: First, resection of the stomach is 
not carried out in healthy persons but only in patients who are suffering 
from some disease of the stomach, and, second, it is difficult to decide 
whether or not resection itself causes histologic changes during the time 
in which the circulation of the blood is interrupted by ligatures. 

Nevertheless, the most marked changes have formerly been clearly 
observed. They were described as representing three forms of gastritis : 
gastrite parenchymateuse, gastrite interstitielle and gastrite mixte 
(Hayem), or as two main forms: hypertrophic gastritis and atrophic 
gastritis (Kaufmann). Lubarsch expressed the belief that chronic gas- 
tritis has a progressive atrophic character, interrupted by hyperplastic 
formations. 

In the decades in which the entity was neglected because of the 
dominance of functional methods of diagnosis and the impossibility of 
obtaining a normal picture, these conceptions were forgotten. 

New histologic efforts were made by Stoerk, Paschkis, Orator and, 
especially, Konjetzny. But it must be admitted frankly that the numer- 
ous excellent papers and beautiful books published by these authors 
again lacked the fundamental principle, namely, exact knowledge of the 
normal mucous membrane. Certain changes in the epithelial cells and 
cellular infiltration of the interstitium were regarded as pathologic. 
However, it was not proved whether or not these changes are present 
in the normal stomach. The curious result was that Paschkis and 
Orator believed that they noted chronic gastritis in 100 per cent of all 
adults, while Konjetzny observed chronic gastritis in 100 per cent of 
all cases of ulcer. It was evident that at least the first of these state- 
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ments could never be reconciled with the clinical conception of disease. 
This objection was made early by several German authors, first by 
Katsch and later by Kalk. 

We prefer to consider that the mucous membrane of the adult who 
has no symptoms is normal, even if histologically the mucous mem- 
brane in this case differs from that of the new-born in showing cellular 
infiltration of the interstitium or minor microscopic differences in the 
epithelial cells. Such minor changes in the appendix of the adult are 
no longer classified as appendicitis. 

This seems to be the point of view of Berger, who, in a paper con- 
cerning the parietal cells of the stomach, stated that the stomach which 
shows no gross changes is normal, even though lymphocytic infiltration 
of the interstitium is noted. His material, however, was much too 
limited to permit the establishment of an authentic normal histologic 
picture of the human stomach. Thus, a histologic classification of 
chronic gastritis is not yet possible. We believe that it will become 
so later and that our classification on the basis of the gastroscopic 
examination will be fundamentally in harmony with the histologic 
classification. 


GASTROSCOPIC METHOD OF EXAMINATION 


The direct examination of the mucous membrane is a reliable uni- 
versal method of diagnosis when disease is suspected in other body 


cavities, and since the introduction of the flexible Wolf-Schindler 
gastroscope, the gastric mucous membrane of every patient, even of 
the very sick, can be visualized, except in a very few cases in which 
there is contraindication. Even the deeper-lying lesions can be observed 
because the superficial layers of the mucosa are transparent. 

Because the gastroscopic method depends on the recognition of 
morphologic changes, it is obvious that one must have an exact knowl- 
edge of the normal gastric mucosa as it appears gastroscopically. 
Early in the course of his gastroscopic investigations, one of us (R. S.) 
made repeated gastroscopic examinations of the stomachs of healthy 
adults. The mucous membrane of healthy adults must be considered 
normal. The danger is in regarding normal variations as pathologic, 
or vice versa, since gastroscopy is a subjective method of rather recent 
development. The changes to be described later, however, were not 
found in the healthy stomach, and for that reason they may legitimately 
be labeled as disease. They entitle the gastroscopist to conclude that 
gastritis is better diagnosed at present by means of the gastroscopic 
method than by the histologic or other methods. We found such 
changes in about 50 per cent of all the cases in which gastroscopic 
examination was made. 
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’ Before we proceed to a description of the morphologic characteristics 
of chronic gastritis, one other question should be discussed. Granted 
that the experienced gastroscopist correctly observes pathologic changes 
in the mucous membrane, other than the lesions occurring in the well 
known diseases, such as tumor, ulcer, granuloma, etc., shall he diagnose 
them all as gastritis? We do not think so. Often small hemorrhages 
and pigment spots are found in an otherwise normal and smooth mucous 
membrane. One of us (R. S$.) published pictures of these conditions 
as early as 1923 and regards these findings as purely circulatory changes 
to be differentiated sharply from the lesions of chronic gastritis. We 
deem it necessary to designate as gastritis the changes of the mucous 
membrane associated with swelling, exudation or atrophy. Complete 
atrophy cannot properly be designated as inflammation, but since it is 
probably the end-result, it is so classified, The atrophy of the mucous 
membrane in pernicious anemia, however, may be of degenerative rather 
than of inflammatory origin. 

We do not include chronic benign ulcer in the description of chronic 
gastritis—in contrast to the classification of Konjetzny, who by the 
demonstration of gastritis ulcerosa macroscopically and microscopically 
in the antrum of all stomachs on which resection had been performed 
for chronic ulcer convinced many investigators of the gastritic origin 
of ulcer. Briefly stated, we find many such ulcers without inflamma- 
tion of any kind; gastritis of the antrum is rarely seen in association 
with chronic gastric ulcer, though it occurs in association with duodenal 
ulcer with obstruction and retention; hemorrhages and pigment spots 
are often seen in a normal mucosa along the lesser curvature between 
the angle and the cardia in association with chronic benign gastric 
ulcer; a small erosion may be observed in the center of one of these 
hemorrhagic spots, and less often the ulcer itself lies within a hemor- 
rhagic area, but hypertrophic changes may be seen commonly in the 
immediate neighborhood and rarely at a distance from the ulcer. Further 
discussion of this question will not be undertaken in this paper. 


GASTROSCOPIC FINDINGS AND CLASSIFICATION 


The numerous inflammatory changes, as seen with the gastroscope, 
permit different classifications. We prefer to subdivide chronic gastritis 
into three forms—superficial, atrophic and hypertrophic—because the 
morphologic observations are differentiated by gastroscopic examination 
and because this classification is clinically distinctly useful. One of us 
(R. S.) has found by repeated gastroscopic examinations for a period 
of years in cases in which treatment was given and in cases in which it 
was not that these forms, when there is no complication with specific 
etiologic agents, such as operation on the stomach, seem to run different 
courses, and therefore when they are first recognized they at once offer 
different prognoses. 
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CLASSIFICATION ON THE BASIS OF DIFFERENCES IN THE 
COURSE AND PROGNOSIS 


Forms or CuHronic GASTRITIS 


Superficial Gastritis—In superficial gastritis the surface epithelium, 
normally transparently clear, may be cloudy and lose its high lights and 
may be spotted with red, in contrast to the normal uniform orange-red. 
Less often the entire mucous membrane appears purple. At’ times the 
high lights are exaggerated if the upper sheaths of the mucous membrane 
are mildly edematous. In such a mucous membrane one often finds 
quite superficial erosions, which are usually surrounded by deep red 
hemorrhagic halos. Small superficial hemorrhages are, likewise, frequent. 

Peculiarly striking are the exudative manifestations. While the 
healthy stomach usually contains only small threads of white secretion, 
the stomach with superficial gastritis contains layers of adherent, glairy 
or white secretion or gray or gray-green dirty, stringy secretion between 
the folds. All these changes are more marked in the body of the 
stomach ; they are less frequently noted on the lesser curvature and are 
usually, but not always, absent in the antrum. 


Atrophic Gastritis —In atrophic gastritis the mucous membrane loses 
its bright orange-red (in spite of equal illumination and the absence of 
shadow) and becomes gray-green and at the same time apparently thin. 


These green spots are commonly round or oval. Often one sees bluish 
blood vessels through the mucosa. In contrast to the earlier statement 
of one of us (R. S.) and the present opinion of Henning, we are now 
convinced that blood vessels are not seen through the normal mucosa, 
except occasionally in the fornix near the cardia, where a single vein 
may be a normal finding. This condition usually remains stationary but 
rarely develops into diffuse general atrophy. 

Total atrophy was first described by Henning. Since that time 
we have observed the condition in a number of cases. The entire mucous 
membrane is grayish pink, gray or grayish green. Heavy, prominent, 
branching blood vessels are seen through the thin mucosa, their blue 
branches occasionally showing fine, dark red anastomoses. Such a pic- 
ture is extraordinarily striking. Small erosions and broad subepithelial 
hemorrhages may occur. Resorption of these hemorrhages occurs with- 
out pigment formation. 

We have frequently observed atrophic and superficial gastritis simul- 
taneously in the same patient. In fact, in agreement with the older 
conception of chronic gastritis, the superficial form may develop into 
the atrophic. Gutzeit observed that this change may occur very rapidly, 
and we have observed it in a number of instances, only the atrophic 
areas being found in later stages. 
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Hypertrophic Gastritis—The chief gastroscopic finding in hyper- 
trophic gastritis is swelling of the mucous membrane. The lining 
becomes velvet-like and flabby. Delicate crevasses develop, by means 
of which the mucosa is laid into polygonal plaques. Early these are 
most marked in the grooves but may involve the folds, causing them 
to become wider and stiffer in appearance than the normal. Abnormally 
rigid small folds may occur, which may be distinguished especially on 
the anterior portion of the gastric wall. Small warts and nodules occur, 
which are particularly striking when they are present on the top of the 
folds. Eventually gross nodes and tumor-like pseudopolyps are formed. 
All these forms are pictured in the atlas published by one of us (R. S.) 
and have again been illustrated by Henning’s beautiful photographs. 

All these changes are often accompanied by mucous and submucous 
hemorrhages, which may be extreme. Notably, multiple erosions come 
and go, which are deeper than the lesions occurring in superficial gas- 
tritis and yet may be easily overlooked by the inexperienced observer. 
Radial folds, first described by one of us (R. S.), surround these ulcers 
(whether this is due to scar formation is uncertain). In contrast to 
Henning’s observations, we saw such a “starlike” formation persist 
after the healing of the ulcers but later disappear. Many ulcerations 
appear aphthous-like. Moutier (and after him, Korbsch) mentioned 
gastritis aphthosa. All changes occur much more frequently in the 
corpus than in the antrum but are observed in the latter region as well. 
The declaration made by one of us (R. S.) in 1923 that this disease 
involves chiefly the antrum can no longer be substantiated. 


Gastritis Following Operation on the Stomach.—Gastritis following 
operation on the stomach was first described by one of us (R. S.) in 
1922 and has been observed later by every gastroscopist. Clairmont 
was the first surgeon to agree with the diagnosis. The condition is 
observed often in stomachs of the type in which the new opening does 
not show a rhythmic adaptation similar to that of the pylorus. It occurs 
as frequently in stomachs after resection as in stomachs on which gastro- 
enterostomy has been performed. All the authors agreed that changes 
of all kinds are seen: Superficial, hypertrophic and, rarely, atrophic 
inflammation may be found. These changes are as marked as they 
ever appear. Sometimes the inflammation is restricted to the area sur- 
rounding the new opening ; in other cases the whole stomach is inflamed. 
Erosions and hemorrhages are frequent. 


CouRSE AND PROGNOSIS OF THE DIFFERENT ForMS OF CHRONIC GASTRITIS 
Superficial Gastritis—If one makes frequent gastroscopic observa- 
tions on patients presenting conditions described as superficial gastritis, 
one notes a characteristic course of the disease: With carefully con- 
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trolled diet and lavage and possibly even with rest in bed, this disease 
heals completely and does not recur. 

We have not noted spontaneous healing in such cases, although 
the possibility must be admitted. Neither does the condition remain 
stationary if untreated. As already stated, frank atrophic gastritis 
develops. 

Atrophic Gastritis—In this form atrophic patches in an otherwise 
normal mucosa and also complete atrophy must generally be considered 
the end-stage. The localized patches may remain stationary, or they 
may increase in size and finally develop into large atrophic areas. 
This development may stop at any moment with adequate treatment. 
The patient suffers much less than a patient with hypertrophic gastritis. 
He is generally able to work and enjoy life, if he is careful to follow 
a proper diet. The mucosa, however, does not become normal again, 
and the atrophy persists. For this reason the prognosis of the atrophic 
form is also poor. 

Atrophic gastritis has been regarded as the forerunner of carcinoma 
(Konjetzny, Hurst, Moutier and one of us [R. S.]). 

In pernicious anemia, liver treatment seems to cause unexpected 
changes in the atrophic mucous membrane. Our observations on this 
point are not yet certain, 

Hypertrophic Gastritis —The gastroscopist needs only to observe the 
patient with hypertrophic gastritis for years to learn how serious is this 
disease, how frequently hemorrhages recur, how poor is the prognosis 
for healing and how extremely rare is the development into atrophic 
gastritis. 

In his experience one of us (R. S.) has seen no patient whom he 
was able to observe for a long period regain complete health. Abnormal 
gastroscopic findings persist. On the whole, patients with this condition 
suffer more than patients with chronic benign ulcer. In exacerbations 
of distress gastroscopic examination often discloses in the hypertrophic 
mucous membrane single or multiple ulcerations, which are not as deep 
as the chronic benign ulcer, present no niche and appear and disappear 
more quickly, healing of these erosions being a matter of days, not 
weeks. Even we, who criticize the use of purely descriptive terms, 
such as gastritis polyposa, gastritis verrucosa and gastritis granulosa, 
because they have little clinical significance at present, are tempted to 
use the term gastritis chronica hypertrophicans ulcerosa in these cases of 
clinical exacerbation of hypertrophic gastritis accompanied by multiple 
erosions, 

Chronic hypertrophic gastritis does not heal with the ordinary gastric 
therapeutic measures, in spite of prolonged careful treatment. In one 
case of a severe form of the disease, in which all the usual treatments 
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were tried and sixty-five gastroscopic examinations were made over a 
period of ten years, high voltage roentgen therapy succeeded finally in 
rendering the mucous membrane normal and in eliminating the erosions, 
which had been present at all previous examinations. One year later, 
the mucous membrane became atrophic, apparently as a late consequence 
of the use of roentgen radiation. 

Gastritis Following Operation on the Stomach.—In inflamn.: ion of 
the stomach on which operation has been performed the prognosis is 
poor. Even the superficial forms do not heal. Recently we observed 
a case of jejunal ulcer in association with extremely severe gastritis 
following resection of the stomach in which the two diseases healed 
completely with treatment. 

We have tried to emphasize why we prefer our classification to one 
of greater detail and why we do not place in one group all gastritides 
in which erosions occur or into another all the hemorrhagic varieties. 
Prognosis depends much more on the depth and type of changes in the 
mucosa and submucosa, which actually distinguish the three varieties, 
than on hemorrhages, which may occur in all three varieties, or on 
erosions, which heal and recur. Naturally, this conclusion has not been 
reached as a result of one observation on each patient but by careful 
observation of the course of the disease for years in a number of 
patients. One of us (R. S.) made sixty-five observations on one patient. 
That three or four observations on one patient are not enough on which 
to base a real opinion concerning his disease is certain. Infrequent 
observation is no doubt responsible for the differences of opinion 
existing among gastroscopists. 

It is encouraging that Henning, who refused to adopt classification, 
accepted the aforementioned principle. He stated: 


Even in regard to the making of a prognosis the triumph of morphologic diag- 
nosis is evident. Not disturbance in function but the anatomic picture must be the 
basis of prognosis. For instance, the prognosis in cases of hypertrophic gastritis 
or of superficial changes will be judged more favorable for the return of gastric 
secretion than that in cases of diffuse atrophic gastritis, in which repair is no 
longer possible. 


This is exactly what one of us (R. S.) thought to establish by his 
classification in 1922, except that he wished prognosis to depend not 
solely on the return of secretion but on the patient’s ability to work 
and enjoy life, particularly with respect to whether treatment should 
be of long or short duration and, finally, on threatened dangers. We 
believe, on the basis of the protocols in three hundred and forty-six 
cases of chronic gastritis and the observations in three times that num- 
ber of cases, that such a prognosis is possible on the grounds of the 
morphologic gastroscopic diagnosis. Investigations may eventually dem- 
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onstrate whether or not this classification can be related to a more exact 
knowledge of etiology.' 


OTHER CLASSIFICATIONS ON THE BASIS OF THE GASTRO- 
SCOPIC PICTURE 


Moutier proposed a classification on the basis of strict anatomico- 
pathologic observations. This has the great advantage of the require- 
ment of exact observation and interpretation by the gastroscopist. 
Moutier outlined the following scheme, derived from the study of 
seventy-three cases of chronic gastritis in his series: 

It is obvious that such a detailed classification is more useful for 
the understanding of the disease, its type and severity, than the mere 
diagnosis of chronic gastritis, which Gutzeit preferred, but for the time 


TaBLe 1.—Classification of Seventy-Three Cases of Chronic Gastritis 


Type Number of Cases 


Proliferative gastritis 
Verrucous 


Alterative gastritis. 
Edematous and congestive 
Hemorrhagic 


Necrotic....... 


Segmental (lesser curvature) 


being it seems to us to offer no great usefulness, for the single lesions 
in these conditions intermingle so markedly, come or go repeatedly in 
the same patient and have in the superficial and atrophic types of gastritis 
(for instance, in the case of erosion or hemorrhage) so different a 
prognosis from that of similar lesions occurring on a hypertrophic base. 
Perhaps in the future, by such a detailed classification as that of 


1. The excellent book of Faber entitled “Gastritis and Its Consequences” 
appeared since the completion of this paper, and therefore we cannot incorporate 
a detailed discussion of it; but the classification of Faber is essentially the same 
as ours. He encountered anatomically “two distinct forms,” namely, “chronic 
erosive gastritis” and “gastritis progressiva atrophicans.” It is apparent from his 
description that his first group corresponds with our group of “hypertrophic 
gastritis” and that the second group contains our forms “superficial” and “atrophic” 
gastritis. The anatomist believes that atrophy rather than healing is the end-result 
of superficial gastritis. This can be determined only by repeated gastroscopic 
observations. Therefore we distinguish between superficial and atrophic gastritis, 
although we admit a certain relationship. 


Gastritis of mixed nature.............. 10 
| 
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Moutier, one may, after observing the course of various forms in a 
large number of cases, eventually establish specific’ disease pictures 
which are as diagnostic as the pictures of mercurial stomatitis or Vin- 
cent’s angina. 

Gutzeit, as already mentioned, rejected every kind of subdivision, 
contending that in each case a variety of changes indistinguishable by 
gastroscopic examination are present. Henning, however, expressed the 
belief that generally one form prevails. We agree with Kalk, who 
stated that orderly arrangement and subdivision of the multitude of 
pictures are indispensable. 


SYMPTOMATOLOGIC CLASSIFICATION 

All authors who have made gastroscopic examination in many cases 
of chronic gastritis have agreed that the symptomatology is so vague 
that neither diagnosis nor classification on a symptomatologic basis is 
possible. 

Patients suffering from chronic gastritis complain of a variety of 
digestive symptoms. Severe pain occurs, especially when erosions are 
present and hemorrhages develop in an atrophic mucous membrane. 
For months slight lack of appetite in association with slight sense of 
pressure in the epigastrium may accompany the disease, the course of 
which is interrupted by exacerbations, with inability to work. 

Kalk suggested that the localization of lesions in chronic gastritis 
may have an influence on the type of symptoms. We prefer to discuss 
these problems in a later paper. We wish at this time to state only 
that in our opinion diagnosis and classification of chronic gastritis on 
the basis of symptoms are impossible. This is unfortunate, for the 
general practitioner naturally wishes to make such an important diag- 
nosis without the use of complicated diagnostic methods. This desire, 
though justified, cannot change the facts. 


VALUE OF THE ROENTGEN RELIEF METHOD FOR 
DIAGNOSIS AND CLASSIFICATION 

The width of the fold, whether greater than normal, on the one 
hand, or less than normal, on the other, as outlined by means of barium 
sulfate compression, has been assumed to distinguish between hyper- 
trophic and atrophic gastritis. It is our experience that diagnosis on 
the basis of these roentgen examinations cannot be depended on. There 
appears to be no correlation between the size of the folds seen in relief 
on roentgen examination and the actual thickness of the mucosa. The 
longer gastroscopists (Henning, Gutzeit, Maley and one of us R. S.) 
have compared their findings with observations with the roentgen relief 
method the more they have dissented from the opinion of certain roent- 
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genologists that the width of the folds as outlined by barium can give 
any definite information about the width of the actual mucosal folds 
and the pathologic condition of the mucous membrane. By the relief 
method a diagnosis of rigid thickened folds has been made in cases in 
which complete atrophy was found by gastroscopic examination, or 
in which pernicious anemia was present (Arafa, Henning and Levine 
and Ladd), and, on the contrary, no abnormal roentgen observations 
have been made in cases in which the most marked changes were seen 
gastroscopically. 

Henning has published the table presented as table 2, in which the 
roentgenologic appearance of the folds is compared with the gastro- 
scopic findings. 


TABLE 2.—Comparison of the Roentgenologic and Gastroscopic Findings in Cases 
of Chronic Gastritis (After Henning [Deutsche med. Wchnschr. 60: 
1455, 1934]) 


Roentgenologic Appearance Diagnosis on Basis of 
of Folds Gastroscopic Findings 


Hypertrophic gastritis 
Erosive gastritis 
Atrophie gastritis 
Normal mucosa 


Normal... .. Normal mucosa 
Hypertrophic gastritis 
Atrophie gastritis 
Erosive gastritis 


Narrow P Normal mucosa 
Atrophic gastritis 


It is not denied that in rare instances roentgenographic and gastro- 
scopic findings agree. It is obvious that this will be so in the occasional 
case in which the gross changes due to gastritis result in isolated, very 
stiff and thickened folds or in cases of gross mucosal hyperplasia, the 
latter condition producing the typical corn-cob roentgen relief picture, 
which resembles polyposis but shows smaller negative shadows. In 1926, 
prior to the reports of Berg, Gutzeit and Cole, two American authors, 
Brunn and Pearl, demonstrated such a picture. The roentgenographic 
method on the whole, in our experience, is unreliable for the diagnosis 
of chronic gastritis. 


VALUE OF LABORATORY FINDINGS 


It has long been attempted to diagnose gastric disease by chemical, 
quantitative, qualitative and microscopic examinations of the gastric 
content. The difficulty of this means is clear even in such well estab- 
lished diseases as carcinoma and ulcer, in which the secretion, the amount 
of the content and the results of chemical and microscopic tests may 
point the way but are never truly diagnostic. This is equally true in 
chronic gastritis. It was thought for a time that the number of cells 
in the gastric juice might be of aid, but the kind and number varied to 
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such a degree that the method seems to us unreliable, though Westphal 
consistently continues to use it. The reaction to the aldehyde test is, 
in our experience, often positive in cases of superficial gastritis. 

Even in atrophic gastritis, which is generally believed to be accom- 
panied by functional achlorhydria, the previously expressed opinions of 
Henning, Moutier, Gutzeit, one of us (R. S.) and other gastroscopists 
are contradicted. Of fourteen cases in which there were localized areas 
of atrophy, observed in the Albert Merritt Billings Hospital, the values 
for free acid were between 26 and 52 in seven and below 23 in three, 
and only in four instances was there no free hydrochloric acid with the 
Ewald and histamine tests. 


ETIOLOGIC CLASSIFICATION 

Classification of morphologic changes on the basis of etiologic 
factors is usually fruitful, because therapeutic indications become clear 
thereby, but, as we shall attempt to show, so little is yet known defi- 
nitely about chronic gastritis that such a classification is not practicable. 
The following agents may act as etiologic factors: 

Acute Gastritis—In general, it is conceivable that any form of 
chronic gastritis, including atrophy, may develop from acute gastritis 
due to any exogenous cause. We, however, have observed only the 
superficial variety to result. 

Mechanical Factors—It is hardly to be doubted that constant 
exogenous trauma is a cause of chronic gastritis. Mechanical factors 
are certain causes, as is evident from the famous work of Beaumont one 
hundred years ago. Hypertrophic gastritis, so often present in asso- 
ciation with pyloric stenosis, may be of mechanical origin. 

Chemical or Toxic Factors—Alcohol, nicotine and perhaps certain 
drugs (such as salicylates) apparently may be real causes, usually of 
superficial gastritis. 


Infectious Agents.—Chronic infection of the tonsils or sinuses may 
conceivably act as foci or may deliver infectious material into the 
stomach. 


Excretory Agents.——Chronic gastritis due to excretion is often 
present in cases of lead poisoning. Gutzeit observed hypertrophic and 
atrophic changes and ulcerations. Possibly the gastritis occurring in 
chronic nephritis is due to the excretion of toxins. 

Bacteria and Protozoa.—Acute gastritis may be due to the bacterial 
toxins of infectious disease. Whether acute gastritis ever develops into 
the chronic form has not been observed gastroscopically. Aside from 
the specific granulomas, such as the lesions occurring in syphilis, tuber- 
culosis and anthrax, the bacterial origin of chronic gastritis is not 
established. Henning was skeptical of the observation even of hemo- 
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lytic streptococci. In the experience of one of us (R. S.), lambliosis 
of the duodenum is accompanied by superficial gastritis, which dis- 
appears when the organisms are killed by arsphenamine. 


Various Etiologic Factors in Atrophic Gastritis—As previously 
stated, atrophic gastritis may be regarded as purely degenerative rather 
than as primarily inflammatory, as, for instance, cases of pernicious 
anemia or in the other cases in which only atrophy is seen. Localized 
atrophy occurs (1) without known cause, (2) occasionally in associa- 
tion with pernicious anemia, (3) in superficial gastritis, (4) in bacillary 
dysentery and (5) in sprue, while total atrophy was seen when the 
cause was unknown, in cases of pernicious anemia and of superficial 
gastritis and in association with carcinoma and benign tumor. Konjetzny, 
Hurst and others were agreed that in cases of carcinoma and benign 
tumor the atrophy is primary. In the Billings Hospital we observed a 
striking case of combined degeneration of the cord in which the blood 
findings characteristic of pernicious anemia were absent but total 
atrophy of the mucous membrane was present. It may be seen from 
the preceding sketchy discussion that the etiology of chronic gastritis 
is far from clear. When it is determined it wil! presumably be the 
most satisfactory means of classification. 


CONCLUSIONS 

1. Chronic gastritis is the most frequent disease of the stomach. 

2. Gastroscopy is the best method of diagnosis at present. 

3. Chronic gastritis should be classified as (a) superficial gastritis, 
(b) atrophic gastritis, (c) hypertrophic gastritis and (d) gastritis fol- 
lowing operation on the stomach. 

4. These four types differ markedly in their course and prognosis. 

5. A classification of chronic gastritis on the basis of symptomatology 
or etiology is at present impossible. 

6. Roentgenographic and laboratory methods are not substitutes for 


gastroscopic examination. 
BIBLIOGRAPHY 


Albrecht, H. U.: Ueber das pathologische Schleimhautrelief des Magens im 
R6ntgenbild und seine Bedeutung fiir die Klinik, Fortschr. a. d. Geb. d. Ront- 
genstrahlen 39:231, 1929. 

Alessandrini, P.: Contributo allo studio del rapporti tra sprue, achilia e pellagra, 
Arch. ital. d. mal. d. app. diger. 2:631, 1934. 

Vedute attuali in tema di gastrite cronica, Policlinico (sez. prat.) 41:572, 1934. 

Alloway, F. L.: Peroral Endoscopy and Gastroscopy, J. Tennessee M. A. 27:212, 
1934. 

Alsted, G.: On Free Hydrochloric Acid in the Stomach in Pernicious Anemia, 
Acta med. Scandinay. 82:288, 1934. 

Anca, E.: Betrachtung iiber einen Fall von Magenblutung ohne Ulkus, Deutsche 
Ztschr. f. Chir. 35:239, 1926. 


972 ARCHIVES OF INTERNAL MEDICINE 

Arafa, M. A.: Diagnosis of Diseases of the Stomach, Proc. Roy. Soc. Med. 
(Sect. Med.) 38:23, 1935; personal communication to ‘the authors. 

Aschner, P. W., and Berck, M. M.: Clinical Experience with Gastrophotography, 
Ann. Surg. 91:875, 1930. 

Aschoff, L.: Pathologische Anatomie; ein Lehrbuch fiir Studierende und Aerzte, 
Jena, Gustav Fischer, 1923, vol. 7, p. 707. 

Aubertin, C., and Hébert, P.:.Sur le processus histologique de la gastrite alcoolique 
expérimentale, Compt. rend. Soc. de biol. 43:25, 1907. 

Baensch, W.: Beitrage zur Schleimhautdiagnostik des Magens, Fortschr. a. d. 

Geb. d. Réntgenstrahlen 36:53, 1927. 

Bassler, A.: Additional Roentgen-Ray Signs of Chronic Gastritis, Am. J. Roent- 
genol. 15:323, 1926. 

Beaumont, W.: Experiments and Observations on the Gastric Juice and the 
Physiology of Digestion, Plattsburgh, F. P. Allan, 1833. 

Bécart, A.: La gastrophotographie, Paris, Norbert Maloine, 1931. 

Beitzke, H. H. W.: Zur Histologie der chronischen Gastritis, Verhandl. d. deutsch. 
path. Gesellsch. 17:433, 1914. 

Ueber Heilungsvorgange bei der Ruhr, Beitr. z. path. Anat. u. z. allg. Path. 64: 
436, 1918. 

Benedict, E. B.: Examination of the Stomach by Means of a Flexible Gastro- 
scope: Preliminary Report, New England J. Med. 210:669, 1934. 

Berg, H. H.: R6ntgenuntersuchungen am Innenrelief des Verdauungskanals, ed. 
2, Leipzig, Georg Thieme, 1931. 

Berger, E. H.: The Distribution of Parietal Cells in the Stomach: Histotopo- 
graphic Study, Am. J. Anat. 54:87, 1934. 

von Bergmann, G.: Zum Abbau der “Organneurosen” als Folge interner Diag- 
nostik, Deutsche med. Wchnschr. 53:2057, 1927. 

Das Gastritis-problem, Deutsche med. Wehnschr. 55:1741, 1929. 
Von chronischer Gastritis, Achylia gastrica und gastrogenen Diarrhden, Jahresk. 
f. arztl. Fortbild. (no. 3) 17:1, 1926. 

Bernay, P.: La gastrophotographie, Paris, Masson & Cie, 1931. 

Boas, J.: Unterscheidung zwischen atrophierender and schleimiger Form der Gas- 
tritis, Miinchen. med. Wchnschr. 34:792, 1887. 

Beitrag zur Symptomatologie des chronischen Magenkatarrhs und der Atrophie 
der Magenschleimhaut, Miinchen. med. Wchnschr. 34:816, 1887. 

Diagnostik und Therapie der Magenkrankheiten, ed. 8, Leipzig, Georg Thieme, 
1925, p. 362. 

Bonadies, A.: Reperti endoscopici nella gastrite cronica, Atti dell’Accad. med. di 
Roma, April 19, 1934. 

Contributo alla diagnostica della gastrite cronica, Policlinico (sez. prat.) 41: 
1921, 1934. 

Bogendorfer, L.: Ueber unsere gastroskopischen Erfahrungen, Miinchen. med. 
Wehnschr. 77:750, 1930. 

Brown, M. R.: Pathology of Gastro-Intestinal Tract in Pernicious Anemia and 
Subacute Combined Degeneration of Spinal Cord, New England J. Med. 210: 
473, 1934. 

Brunn, H., and Pearl, F.: Diffuse Gastric Polyposis: Adenopapillomatosis Gastrica, 
Surg., Gynec. & Obst. 43:559, 1926. 

Biichner, F.: Akute peptische Gastritis am resezierten Magen, Beitr. z. path. Anat. 
u. z. allg. Path. 85:683, 1930. 

Carlson, A. J.: The Origin of Epigastric Pains in Cases of Gastric and Duodenal 

Ulcer, Am. J. Physiol. 45:81, 1917. 


SCHINDLER-ORTMAYER—CHRONIC GASTRITIS 973 


Castle, W. B.: Observations on Etiologic Relationship of Achylia Gastrica to 
Pernicious Anemia: Effect of Administration to Patients with Pernicious 
Anemia of Contents of Normal Stomach Recovered After Ingestion of Beef 
Muscle, Am. J. M. Sc. 178:748, 1929. 

——and Townsend, W. G.: Observations on the Etiologic Relationship of Achylia 
Gastrica to Pernicious Anemia: Effect of Administration to Patients with 
Pernicious Anemia of Beef Muscle After Incubation with Normal Human 
Gastric Juice, Am. J. M. Sc. 178:764, 1929. 

——and Heath, C. W.: Observations on Etiologic Relationship of Achylia Gas- 
trica to Pernicious Anemia: Nature of Reaction Between Normal Human 
Gastric Juice and Beef Muscle Leading to Clinical Improvement and Increased 
Blood Formation Similar to Effect of Liver Feeding, Am. J. M. Sc. 180: 
305, 1930. 

Chaoul, H.: Das Schleimhautrelief des Magens im Rontgenbilde, Deutsche Ztschr. 
f. Chir. 214:351, 1929. 

Chevallier, P., and Moutier, F.: Gastrite aigué polymorphe achlorhydrique coin- 
cidant avec une eruption d’eczema parakératosique, Arch. d. mal. de l’app. 
digestif 25:97, 1935. 

Clairmont, P.: Gastritis nach Magenoperationen, Verhandl. d. Gesellsch. f. Ver- 
dauungs- u. Stoffwechselkr., 1927, p. 79. 

Cole, L. G.: Roentgenologic Exploration of the Mucosa of the Gastro-Intestinal 
Tract, Radiology 18:221, 1932. 

Hypertrophic Gastritis, M. Clin. North America 17:1, 1933. 

Church, G. T., and Walters, W.: The Frequency of Gastritis Associated with 
Duodenal Ulcer, Proc. Staff Meet., Mayo Clin. 8:733, 1933. 

——Walters, W., and Wellbrock, W. L. A.: Pyloric Obstruction Producing Gas- 
tritis, Proc. Staff Meet., Mayo Clin. 9:25, 1934. 

Dahl, Bjarne: Une étude anatomo-pathologique et clinique sur la gastrite aigué 
et chronique, Arch. d. mal. de l’app. digestif 20:761, 1930. 

Davidson, P. B., and Willcox, E.: Gastric Excretion of Neutral Red, J. A. M. A. 
85:794 (Sept. 12) 1925. 

Denis, R.: Tumeurs inflammatoires de l’estomac, Arch. d. mal. de l'app. digestif 
24:794, 1934. 

Dieulafoy, G.: Gastritie ulcéreuse, Clin. med. de |’Hotel-Dieu de Paris 3:219, 
1898. 

Ebstein, W.: Ueber die Veranderungen welche der Magenschleimhaut die Ein- 
verleibung von Alkohol und Phosphor erleidet, Virchows Arch. f. path. Anat. 
55:469, 1872. 

Einhorn, M.: Clinical Observations on Erosions of the Stomach and Their Treat- 
ment, M. Rec. 14:780, 1894. 

Further Remarks on Erosions of the Stomach, J. A. M. A. 32:1079 (May 20) 
1899, 

Elsner, H.: Die Gastroskopie, Leipzig, Georg Thieme, 1911. 

Faber, Knud: Studier over den kroniske Gastritis, Hospitalstid. 14:1, 1906; 
translation in Med. Bl. 29:639, 652, 663 and 673, 1906. 

Akute und chronische Gastritis, in Kraus, F., and Brugsch, T.: Spezielle 
Pathologie und Therapie innerer Krankheiten, Berlin, Urban & Schwarzenberg, 
1921, vol. 5. 

Gastritis and Its Consequences, London, Oxford University Press, 1935. 

Fitzgerald, R. R.: Chronic Follicular Gastritis, with Report of Nine Cases, Brit. 
J. Surg. 19: 25, 1931. 


ARCHIVES OF INTERNAL MEDICINE 


974 


Forssell, G.: Betrachtungen tiber die Bewegungen der Schleimhaut des Diges- 
tionstractes, Fortschr. a. d. Geb. d. R6ntgenstrahlen 30:3, 1923. 
Normale und pathologische Reliefbilder der Schleimhaut, Verhandl. d. Gesellsch. 
f. Verdauungs- u. Stoffwechselkr., 1927, p. 199. 
Gottstein, G.: Gastroskopie, in Abderhalden, Emil: Handbuch der biologischen 
Arbeitsmethoden, Berlin, Urban & Schwarzenberg, 1926, vol. 4, pt. 6, p. 789. 
Graulich, R.: L’endoscopie en gastro-entérologie, Bruxelles-méd. 14:506, 1934. 
Grosmann, J., and Jiano, A.: Sur les effets de l'intoxication nicotinique sur la 
structure fine de la cellule gastrique, Arch. d. mal. de l’app. digestif 4:369 
and 378, 1910. 
Gutzeit, K.: Zur Diagnose der Gastritis chronica, Verhandl. d. deutsch. Gesellsch. 
f. inn. Med., 1926, p. 387. 
Ueber die Magenschleimhaut bei chronischer Gastritis, Deutsches Arch. f. klin. 
Med. 153:334, 1926. 
Die Gastroskopie im Rahmen der klinischen Magendiagnostik, Ergebn. d. inn. 
Med. u. Kinderh. 35: 1, 1929. 
Ueber die Gastroenteritis und ihre Folgeerscheinungen, Miinchen. med. Wchn- 
schr. 79:1223, 1347, 1433, 1510, 1591, 1830, 1920 and 1953, 1932. 
Hallas, E. A.: The Etiological Importance of Food Deglutition in Stomach Dis- 
eases, Hospitalstid. 4:144, 1911. 
Halmos, R.: Erfahrungen mit dem flexiblen Gastroskop nach Schindler-Wolf, 
Med. Klin. 29:1552, 1933. 
Gastroscopy and Early Diagnosis of Gastric Carcinoma, Bratisl. lekar. listy 14: 
73, 1934. 
Hammesfahr, C.: Gastroskopie und Probelaparatomie, Zentralbl. f. Chir. 51: 
228, 1924. 
Hanke, H.: Zur Pathogenese der akuten erosiven Gastritis: Die experimentelle 
hamatogene Coffeingastritis, Arch. f. klin. Chir. 178:607, 1934. 
Hayem, G.: Résumé de l’anatomie pathologique de la gastrite chronique, Gaz. 
hebd. de méd. 29:387 and 397, 1892. 
Des gastrites dégéneratives, Bull. et mém. Soc. méd. d. hop. de Paris 13:722, 
1896. 
Gastrite dégénerative produite expérimentalement par injection intravasculaire 
de toxine diphtérique, Bull. et mém. Soc. méd. d. hop. de Paris 22: 145, 1905. 
Maladies de l’estomac, in Brouardel, P.; Gilbert, A., and Girode, J.: Traité de 
médicine et de thérapie, Paris, J. B. Bailliére et fils, 1913. 
Heilpern, J., and Porges, O.: Ueber Gastrophotographie, eine neue Untersuch- 
ungsmethode, Klin. Wchnschr. 9:15, 1930. 
Henning, N.: Histaminprobe und endoskopisches Bild der Magenschleimhaut bei 
Achylie, Miinchen. med. Wchnschr. 76:1561, 1929. 
Die bisherigen Ergebnisse und der klinische Wert der Gastroskopie, Ergebn. d. 
med. Strahlenforsch. 16:539, 1931. 
Eine neue Apparatur zur endoskopischen Photographie der Magenschleimhaut, 
Arch. f. Verdauungskr. 50:27, 1931. 
Erfahrungen mit dem flexiblen Gastroskop nach Wolf-Schindler, Miinchen. med. 
Wehnschr. 79:1269, 1932. 
Ueber die Gastritis nach Magenoperationen, Zentralbl. f. inn. Med. 54:49, 1933. 
Die Entziindung des Magens, Leipzig, Johann Ambrosius Barth, 1934. 
Ueber die Entziindung des Magens, Deutsche med. Wchnschr. 60:1455, 1934. 
——and Jiirgens, R.: Beziehungen der Farbstoffexkretion zur Sekretion und 
Morphologie des kranken Magens, Miinchen. med. Wchnschr. 77:1961, 1930. 


SCHINDLER-ORTMAYER—CHRONIC GASTRITIS 975 


Hertel, E., and Kallius, H. U.: Beitrage zur Gastroskopie des operierten Magens, 
Arch, f. klin. Chir, 151:578, 1928. 

Hill, W.: On Gastroscopy, Brit. M. J. 2:1074 (Oct. 28) 1911. 

Hoffmann, M.: Optische Instrumente mit beweglicher Achse und ihre Verwend- 
ung fiir die Gastroskopie, Miinchen. med. Wchnschr. 58:2446, 1911. 

Hohlweg, H.: Beobachtungen und Betrachtungen auf Grund von 100 Gastro- 
skopien, Miinchen. med. Wchnschr. 71:506, 1924. 

Ueber die klinische Diagnose der Gastritis, Verhandl. d. Gesellsch. f. Verdauungs- 
u. Stoffwechselkr., 1926, p. 96. 

Die Gastritis als selbststandiges klinisches Krankheitshild und ihre Beziehungen 
zum Ulkus, Miinchen. med. Wchnschr. 73:2103, 1926. 

Holmes, G. W., and Hampton, A. O.: The Importance of the Location in the 
Differential Diagnosis of Benign and Malignant Gastric Ulcerations, New 
England J. Med. 208:971 (May 11) 1933. 

Hiibner, A.: Die Bedeutung der gastroskopischen Untersuchungensmethode, Klin. 
Wehnschr. 4:456, 1925. 

Gastroskopie, Jena, Gustav Fischer, 1928. 

Hurst, A. F.: Alvarez Lecture on Unity of Gastric Disorders, Brit. M. J. 1: 
89, 1933. 

Husserl, H.: Die Gastrophotographie, Wien. med. Wchnschr. 80:764, 1930. 

Jackson, C.: Gastroscopy, M. Rec. 71:549 (April 6) 1907. 

Jackson, C., and Jackson, C. L.: Peroral Gastroscopy Including Examination of 
Supradiaphragmatic Stomach, J. A. M. A. 104:269 (Jan. 26) 1935. 

Bronchoscopy, Esophagoscopy and Gastroscopy: A Manual of Peroral Endos- 
copy and Laryngeal Surgery, Philadelphia, W. B. Saunders Company, 1934. 

Ivy, A. C., and Shapiro, P. F.: Studies on Gastric Ulcer: III. Experimental Pro- 
duction of Gastric Ulcer by Local Allergy; Preliminary Report, J. A. M. A. 
85:1131 (Oct. 10) 1925. 

Johnston, C. R. K.: Chronic Follicular Gastritis, Surg., Gynec. & Obst. 58:614, 
1934, 

Kalima, Y.: Pathologisch-anatomische Studien iiber die Gastritis des Ulkus- 
magens, Arch. f. klin. Chir. 128:20, 1924. 

Katsch, G.: Erkrankungen des Magens, in von Bergmann, G., and Staehelin, R.: 
Handbuch der inneren Medizin, Berlin, Julius Springer, 1926, vol. 3, pt. 1, p. 
554. 

Von Gastritis-Problemen, Jahresk. f. arztl. Fortbild. 20:1 (March) 1929. 

Kaufmann, E.: Lehrbuch der speziellen pathologischen Anatomie fiir Studierende 
und Aerzte, Berlin, G. Reimer, 1911. 

Konjetzny, G. E.: Beziehungen der chronischen Gastritis zum Magencarcinom, 
Verhandl. d. deutsch. Gesellsch. f. Chir. 43:65, 1914. 

Chronische Gastritis und Duodenitis als Ursache der Magenduodenalgeschwiirs, 
Beitr. z. path. Anat. u. z. allg. Path. 71:595, 1923. ; 

Die chronische Gastritis des Ulkusmagens, Zentralbl. f. Chir. 50:1026, 1923. 

Die Entziindung des Magens, in Henke, F., and Lubarsch, O.: Handbuch der 
speziellen pathologischen Anatomie und Histologie, Berlin, Julius Springer, 
1928, vol. 4, p. 768. 

Die entziindliche Grundlage der typischen Geschwiirsbildung im Magen und 
Duodenum, Ergebn. d. inn. Med. u. Kinderh. 37: 184, 1930. 

Korbsch, R.: Gastroskopische Ergebnisse, Miinchen. med. Wehnschr. 71:1498, 
1924. 

Zur Kenntnis der chronischen Gastritis, Med. Klin. 21:959 and 1006, 1925. 

Ueber Haematemesis bei chronischer Gastritis, Miinchen. med. Wchnschr. 78: 

1558, 1926. 


976 ARCHIVES OF INTERNAL MEDICINE 


Die Gastroskopie und ihre neueren Ergebnisse, Berlin, S. Karger, 1926. 
Zwei wenig bekannte Gastritisformen: Die Gastritis membtanacea und die Gas- 
tritis aphthosa, Med. Klin. 29:965, 1934. 
Zum Krankheitsbild der Magenschleimhautatrophie, Deutsche med. Wehnschr. 
60:356, 1934. 
Kussmaul, A.: Ueber Magensspiegelung, Ber. ii. d. Verhandl. d. naturforsch. 
Gesellsch. 5:112, 1868. 
Kuttner, L.: Zur Frage der Achylia gastrica, Ztschr. f. klin. Med. 45:1, 1905. 
Lamm, H.: Biegsame optische Gerate, Ztschr. f. Instrumentenkunde 50:579, 1930. 
Lange, F., and Meltzing, D.: Die Photographie des Mageninnern, Miinchen. med. 
Wehnschr. 55:1585, 1898. 
Ladd, W. S., and Levine, S. A.: Pernicious Anemia, Bull. Johns Hopkins Hosp. 
32:254, 1921. 
Loening, K., and Stieda, A.: Die Untersuchung des Magens mit dem Magen- 
spiegel, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 21:182, 1910. 
Loeper, M., and Marchal, G.: La leucodiapédése gastrique, Ann. de méd. 14: 
257, 1923. 
Lubarsch, O.: Verhandl. d. Gesellsch. f. Verdauungs- u. Stoffwechselkr., 1926, p. 35. 
Lublin, Helge: On the Late Symptoms After Gastroenterostomy and Resection 
of Stomach (Billroth II), Acta med. Scandinav., supp. 41, 1931, p. 1. 
Mathieu, A.: Erosions hémorrhagiques multiples chez une femme atteinte de 
cirrhose atrophique, Bull. et mém. Soc. méd. d. hop. de Paris 14:619 (April) 
1897. 
Meulengracht, E.: Ueber Gastritis Polyposa, Virchows Arch. f. path. Anat. 214: 
438, 1913. 
Mikulicz, J.: Ueber Gastroskopie, Wien. med. Presse 22:1410, 1439, 1473, 1505, 
1537 and 1629, 1881. 
Miller, T. G.: Gastritis in Its Relation to Other Diseases, Am. J. M. Sc. 186:192, 
1933. 
Morawitz, P.: Die Entstehung Beschwerden nach Magenoperationen und _ ihre 
Behandlung, Chirurg 4:265, 1932. 
Moszkowicz, I.: Zur Histologie des ulkusbereiten Magens, Arch. f. klin. Chir. 
122:444, 1922. 
Moutier, F.: Les gastrites sous le contréle de la gastroscopie, Presse méd. [41]: 
1852, 1933. 
Essai de classification des gastrites d’apres leur étude gastroscopique, Arch. d. 
mal. de l’app. digestif 23:527, 1933. 
Cyto-diagnostic du suc gastrique et gastroscopie, Arch. d. mal. de l’app. digestif 
24:1099, 1934. 
Etude endoscopique de la gastro-enterostomie, Presse méd. 42:653, 1934. 
Moynihan, B. G. A.: Diagnosis and Treatment of Chronic Gastric Ulcer, Brit. 
M. J. 2:765, 1919. 
Natus, M.: Beitrage zur Lehre von der Stase nach Versuchen am Pankreas des 
lebenden Kaninchens, Virchows Arch. f. path. Anat. 199:1, 1910. 
Nauweck, C.: Gastritis ulcerosa chronica, Miinchen. med. Wehnschr. 44:955 and 
987, 1897. 
Norpoth, L.: Ulkusgenese auf dem Boden von Gastritis, Arch. f. Verdauungskr. 
52:26, 1932. 
Oberholzer, J.: Die Gastroskopie mit dem flexiblen Gastroskop nach Wolf- 
Schindler, Schweiz. med. Wchnschr. 64:380, 1934. 
Overgaard, K.: Experimental Pyloric Gastritis by Dogs: Preliminary Report, 
Acta med. Scandinav. 76:273, 1931. 


| 


SCHINDLER-ORTMAY ER—CHRONIC GASTRITIS 977 


Experimentelle Untersuchungen tber die Entwickelung der Antrumgastritis, 
Acta med. Scandinay. 81:429, 1934. 

Ohly, A.: Ueber Folgezustande nach Gastroenterostomie im peptischen Ulkus, 
Arch. f. klin. Chir. 128:505, 1924. 

Orator, V.: Ueber den Ulkus und Karzinommagen, Wien. klin. Wchnschr. 38: 
425, 1925. 

Ortmayer, M.: Gastric Motor Activity in Patients with Peptic Ulcer, Arch. Int. 
Med. 35:423 (April) 1925. 

Palmer, W. L.: Mechanism of Pain in Gastric and Duodenal Ulcers: I. Achlor- 
hydria, Arch. Int. Med. 38:603 (Nov.) 1927; II. Production of Pain by Means 
of Chemical Irritants, ibid. 38:694 (Dec.) 1927; III. Role of Peristalsis and 
Spasm, ibid. 39:109 (Jan.) 1928. 

Plenck, H.: Der Magen, in von MOllendorff, W.: Handbuch der mikroskopischen 
Anatomie des Menschen, Berlin, Julius Springer, 1932, vol. 5, pt. 2. 

Rodriguez-Olleros: La gastroscopia, Rev. espafi. y am. de laryng., November 1932. 

——and de la Viesca, J. M.: La gastroscopia, resultados de algunas observaciones, 
Med. latina 6:238, 1933. 

Rosenheim, T.: Ueber die Besichtigung der Cardia, nebst Bemerkungen tber 
Gastroskopie, Deutsche med. Wehnschr. 21:740, 1895. 

Rosenow, E. C.: The Causation of Gastric and Duodenal Ulcer by Streptococci, 
J. Infect. Dis. 19:333, 1916. 

Saint Jean des Rosiers: La gastroscopie, Union méd. du Canada 65:460, 1934. 

Scheiner, J.: Experiences with Gastroscopy, Bratisl. lekar. listy 14:228, 1934. 

Schindler, R.: Die diagnostische Bedeutung der Gastroskopie, Miinchen. med. 
Wehnschr. 69:535, 1922. 

Probleme und Technik der Gastroskopie mit der Beschreibung eines neuen Gas- 
troskops, Arch. f. Verdauungskr. 30:133, 1922. 

Die gastroskopische Diagnose des diffusen Lymphosarkoms des Magens, Klin. 
Wehnschr. 1:2086, 1922. 

Lehrbuch und Atlas der Gastroskopie, Munich, J. F. Lehmann’s Verlag, 1923. 

Gastroskopische Untersuchungen itiber die Heilung des Ulkus rotundum ven- 
triculi, Miinchen. med. Wchnschr. 70:421, 1923. 

Gastroscopy in Thirty Cases of Neoplasm, Arch. Int. Med. 32:635 (Oct.) 1923. 

La evolucion de la gastroscopia, Med. german.-hispano-am. 1:690, 1924. 

Okulare oder palpatorische Einfithrung des Gastroskops? Zentralbl. f. Chir. 54: 
2756, 1924. 

Die klinische Bedeutung der Gastritis chronica, Miinchen. med. Wehnschr. 73: 

2, 1926. 

Gastroskopische Untersuchungen tiber die Heilung des Ulcus rotundum ventriculi 
(das Verschwinden der Haudekschen Nische und seine Bedeutung), Miinchen. 
med. Wchnschr. 73:1846, 1926. 

Ulkus und Gastritis, Verhandl. d. Gesellsch. §. Verdauungs- u. Stoffwechselkr., 
1926, p. 108. 

Gastroskopische Beobachtung an operierten Magen, Zentralbl. f. Chir. 53:2959, 
1926. 

Nervensystem und spontane Blutungen mit besonderer Beriicksichtigung der 
hysterischen Ecchymosen und der Systematik der haimorragischen Diathesen, 
Berlin, S. Karger, 1927. 

Ueber die zukiinftige Entwicklung der Gastroskopie, Miinchen. med. Wehnschr. 
75:174, 1928. 

Sur la valeur de l'image-relief radiologique, de la gastroscopie et de la gastro- 
photographie dans le diagnostic de la gastrite chronique, Semana méd. 2:31, 
1930. 


978 ARCHIVES OF INTERNAL MEDICINE 


Observations gastroscopiques sur la gastrite chronique, Arch. d. mal. de l’app. 
digestif 21:680, 1931. ‘ 
Ergebnisse von 76 photographischen Aufnahmen der Magenschleimhaut mit dem 
Gastrophotor, Miinchen. med. Wchnschr. 78:1776, 1931. 
Die Lagerung des Kranken bei der Magenausheberung, Miinchen. med. Wehn- 
schr. 78:194, 1931. 
Die gastroskopische Magenuntersuchung, Prakt. Arzt 17:335, 1932. 
Die Photographie der Magenschleimhaut, Miinchen. med. Wehnschr. 79: 1560, 
1932. 
Ein flexibles Gastroskop, Verhandl. d. Gesellsch. f. Verdauungs- u. Stoffwech- 
selkr. 10:248, 1932. 
Ein vollig ungefahrliches, flexibles Gastroskop, Miinchen. med. Wehnschr. 79: 
1268, 1932. 
Die Bedeutung der Gastroskopie fiir die Heilung des Magenkrebses, Monatschr. 
f. Krebsbekampf. 2:203, 1933. 
L’endoscopie gastrique avec le gastroscope flexible, Arch. d. mal. de l'app. 
digestif 23:1131, 1933. 
Geschichte und Bedeutung der Gastroskopie, Arch. ital. per le mal. d. trachea- 
bronchi, esofago, October-December, 1933, vol. 1. 
Progresos del diagnostico de las enfermedades gastricas por el empleo del gastro- 
scopio, Rev. méd. german.-ibero-am. 7:13, 1934. 
Diagnostic Gastroscopy, with Special Reference to Flexible Gastroscope, J. A. 
M. A. 105:352 (Aug. 3) 1935. 
——and Sielmann, H.: Ueber gastroskopische Kontrollen réntgenologischer Relief- 
bilder der Magenschleimhaut, Mtinchen. med. Wcehnschr. 78:1989, 1931. 
Sielmann, H., and Schindler, R.: Beitrage zur R6ntgendiagnose und Klinik der 
Polyposis ventriculi diffusa, Fortschr. a. d. Geb. d. Réntgenstrahlen 33:191, 
1925. 

Sippy, B. W.: Gastric and Duodenal Ulcer, J. A. M. A. 64:1625 (May 15) 1915. 

Spehl, G.: La gastrophotographie, Presse méd. 39:577 (April 18) 1931. 

Stoerk, G.: Ueber Gastritis chronica, Wien. klin. Wehnschr. 35:855, 1922. 

Strauss, H.: Achylia gastrica und Anaemia perniciosa, Arch. f. Verdauungskr. 
43:450, 1928. 

Thomsen, E.: Clinical and Experimental Studies of Gastric Juice, Acta med. 
Scandinay. 82:311, 1934. 

Walters, W.: Choice of Surgical Procedures for Duodenal Ulcer, Ann. Surg. 
96:258, 1932. 

——and Sebening, W.: Comparison of Lesions Associated with Duodenal Ulcer 
in Germany and in the United States, Minnesota Med. 15:579, 1932. 

Wanke, R.: Operierte chirurgische Misserfolge des Ulkusleidens und der chron- 
ischen Gastritis, Deutsche Ztschr. f. Chir. 220:263, 1929. 

Weinberg, F.: Achylia gastrica und pernicidse Anamie, Ztschr. f. ang. Anat. 6: 
289, 1920. 

Weiss, S.: Gastrophotography: The Gastrocamera; a New Apparatus for Photo- 
graphing the Interior of the Stomach, M. J. & Rec. 129:390, 1929. 

Weltz, G. A.: Hyperplastische Gastritis, R6ntgenpraxis 3:577, 1931. 

Wichels, P.: Zur Entstehung der Gastritis, Klin. Wehnschr. 11:1797, 1932. 

Westphal, K., and Kuckuck, W.: Reizmagen und peptische Ulzera: Ihre Aetiologie 
und Therapie, Deutsche med. Wchnschr. 60:1003, 1934. 

White, J. W.: Hypertrophied Gastric Mucosa: Physiological Dietary Treatment, 
M. Rec. 139:232, 1934. 


¥ 


ROENTGENOLOGIC OBSERVATIONS ON VARIOUS 
TYPES OF CHRONIC ARTHRITIS 


G. DOUGLAS TAYLOR, M.D. 
MONTREAL, CANADA 
AND 


A. B. FERGUSON, M.D. 


HAIG KASABACH, M.D. 
AND 
M. H. DAWSON, M.D. 


NEW YORK 


Although numerous reports have been published on the roentgeno- 
logic observations on various forms of chronic arthritis, the subject 
has not received the careful attention which it merits from the point 
of view of differential diagnosis. A considerable number of the studies 
which have been reported have dealt with the question of tuberculous 
and pyogenic arthritis, and comparatively little attention has been paid 
to the much more frequent rheumatoid arthritis and osteo-arthritis. 
In recent years, however, the increasing tendency to regard rheu- 
matoid arthritis and osteo-arthritis as separate and distinct clinical 
entities has focused attention on these two varieties of arthritis, and 
there have been reports of several studies dealing with the roentgenologic 
observations on the two diseases.' The student of arthritis is par- 
ticularly referred to the recent comprehensive work of Brailsford,'¢ with 
its extensive bibliography. 

At the arthritis clinic of the Presbyterian Hospital and at the New 
York Orthopedic Dispensary and Hospital an effort has been made to 
correlate the clinical and roentgenologic observations on various forms 
of chronic arthritis, and in the course of the investigation particular 
consideration has been given to the changes observed in rheumatoid 
arthritis and osteo-arthritis. The roentgen observations on other common 
forms of chronic arthritis have also been studied and are described 
in the present report. 


From the Department of Medicine, College of Physicians and Surgeons, 
Columbia University, the Arthritis Clinic of the Presbyterian Hospital (supported 
by the Faulkner Memorial Fund), and the New York Orthopedic Dispensary and 
Hospital. 
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(d) Brailsford, J. F.: The Radiology of Bones and Joints, Baltimore, William 
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From a total of 300 cases observed in detail, a representative number 
of each of the more common varieties of chronic arthritis has been 
selected. These cases were chosen because clinical and laboratory find- 
ings were characteristic of the type of arthritis represented. The groups 
studied were as follows: (1) rheumatoid arthritis, 59 cases; (2) osteo- 
arthritis, 32 cases; (3) gout, 12 cases; (4) gonococcie arthritis, 11 
cases; (5) tuberculous arthritis, 32 cases; (6) rheumatoid spondylitis 
( Marie-Striimpell), 11 cases, and (7) Still’s disease, 11 cases. 


CLINICAL OBSERVATIONS 

The diagnostic criteria employed in classifying the various forms 
of chronic arthritis are well established in the minds of the majority 
of observers. This is certainly true so far as gout and gonococcic and 
tuberculous arthritis are concerned. Some confusion still exists in regard 
to rheumatoid arthritis and osteo-arthritis, but there is an increasing 
tendency to separate these forms of chronic arthritis into sharply defined 
clinical types. In the present study rheumatoid arthritis and osteo- 
arthritis have been considered as separate clinical entities. The differen- 
tiation has been based on the early observations of Garrod * and Nichols 
and Richardson * and the more recent studies of other investigators.* 
The clinical and laboratory observations in cases of various forms of 
arthritis are summarized in the following section. 


Rheumatoid Arthritis—All the patients with a diagnosis of rheumatoid 
arthritis presented the classic appearance of patients suffering from this disease. 
The majority showed typical fusiform swellings or contracture deformities, and 
many had subcutaneous nodules. They were apparently the victims of a chronic 
infectious process and showed a consistently high sedimentation rate, with an 
average of 50 mm. in one hour.4? The serum of the majority (43) of the patients 
definitely agglutinated hemolytic streptococci; ® the serum of 2 of the remain- 
ing 9 failed to agglutinate, and for 7 the agglutination titer was not determined. 
The ages of the patients ranged from 22 to 72 years, the average being 49 years. 
The symptoms varied in duration from two months to eighteen years, with an 
average of five years. 

Osteo-Arthritis—The condition in the cases of osteo-arthritis was typical of the 
degenerative form of arthritis. Many patients had Heberden’s nodes. The majority 


2. Garrod, A. E.: Rheumatoid Arthritis, Osteo-Arthritis, in Albutt, C., and 
Rolleston, H. D.: A System of Medicine, New York, The Macmillan Company, 
1909. 

3. Nichols, E. H., and Richardson, F. L.: J. M. Research 21:149, 1909. 

4. (a) Cecil, R. L.: The Diagnosis and Treatment of Arthritis, in Christian, 
H. A.: Oxford Monographs on Diagnosis and Treatment, New York, Oxford 
University Press, 1929, vol. 6. (b) Dawson, M. H.; Sia, R. H. P., and Boots, 
R. H.: J. Lab. & Clin. Med. 15:1065, 1930. 

5. Dawson, M. H.: J. Exper. Med. 57:845, 1933. 

6. Dawson, M. H.; Olmstead, M., and Bocts, R. H.: J. Immunol. 23:187 
and 205, 1932. 
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were overweight and had comparatively mild symptoms, involving chiefly the 
iarger, weight-bearing joints. There was little or no evidence of infection; the 
sedimentation rates were low, with an average of 19 mm. in one hour; and in no 
instance was there definite agglutination with Streptococcus haemolyticus. The 
age of the patients varied from 32 to 65 years, the average being 53 years. The 
syirptoms had persisted from one to thirty-six years. 

Gout—All the patients with gout gave a history of recurrent paroxysmal 
attacks involving one or more of the small joints. Several showed tophi, and all 
had high values for uric acid in the blood, with an average of 6.1 mg. per hundred 
cubic centimeters. The ages of the patients varied from 34 to 74 years, with an 
average of 54 years. : 

Gonococcic Arthritis—All the patients with gonococcic arthritis had a uro- 
genital infection, and in 73 per cent of the. cases the diagnosis was substantiated 
either by a positive culture or by a positive reaction in the complement-fixation 
test. All the patients except 1 presented monarticular involvement after the first 
few days of pains in several joints. The ages of the patients varied from 20 to 
36 years, and “the symptoms had persisted from four weeks to four months. 

Tuberculous Arthritis—The patients with tuberculous arthritis presented char- 
acteristic, slowly progressive symptoms, and all but 3 of the 32 patients showed 
monarticular involvement. The diagnosis was verified in most cases by inoculation 
of guinea-pigs or by histologic study of sections of tissue obtained at operation 
for fusion (20 cases) or for drainage (2 cases). The ages of the patients varied 
from 7 months to 67 years, and the symptoms had persisted from one month to 
forty-six years. 

Rheumatoid Spondylitis (Marie-Striimpell)—The patients with rheumatoid 
spondylitis showed a definite ankylosing type of spondylitis, with a tendency to 
poker spine and round back deformity. Only 1 patient had symptoms in the 
peripheral joints of the extremities. The serum of only 1 patient showed definite 
agglutination with hemolytic streptococci, although the serum of 6 patients was 
reported as giving a doubtful reaction. The sedimentation rate was consistently 
above normal, ranging from 30 to 79 mm. in one hour. The ages of the patients 
varied from 21 to 42 years, and the symptoms were present for from two to 
twelve years. 

Still's Disease—The children with Still’s disease presented characteristic fusi- 
form swelling of the fingers or contracture deformities. The majority of patients 
showed evidence of chronic focal infection. As was expected in this younger age 
group, agglutination of the serum with hemolytic streptococci was not well 
marked,® although the serum of 1 patient gave a positive reaction (1: 160) and the 
reactions of the serum of 4 were reported doubtful. The sedimentation rate was 
elevated in the majority of cases, the average being 51 mm. in one hour. 


ROENTGENOLOGIC OBSERVATIONS 


Definition of Roentgenologic Terms.—In presenting the roentgeno- 
logic observations on various forms of chronic arthritis, it is empha- 
sized that this report is only preliminary. During the investigation the 
roentgenologists (A. B. F. and H. K.) were not given any clinical 
information concerning the patients except the duration of the symptoms 
and the degree of function or immobility of the joints. Their observa- 
tions were recorded separately on a chart listing fifteen chief items, with 
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forty-nine detailed descriptive roentgenologic subdivisions. Six of the 
more outstanding items are discussed in this report and may be describe: 


as follows: 


1. Decalcification: Decalcification is a decrease in the density of bone without 
loss of architecture. Three types are recognized, depending on the extent and 
distribution of the process. 

(a) Systemic decalcification refers to the type that occurs throughout the entire 
skeleton. It occurs normally to a slight degree in persons in middle and in old 
age, but it is most characteristically observed in persons with rheumatoid 
arthritis. 

(b) Regional decalcification is the form that involves a particular area in the 
body, for example, one of the extremities. The picture is similar to that observed 
in cases of atrophy of disuse, and as a rule all the bones shown on any one film 
are involved. 

(c) Local decalcification is a decrease in the density of bone confined to a 
circumscribed area, for example, the neighborhood of one particular joint. 

2. Production of Bone: (a) Lipping refers to a calcareous deposit at the 
articular margin. The deposit is small and pointed, and there is a tendency to 
conform to the outline of the adjacent soft tissues. (b) Osteophytes are larger 
calcareous deposits, which are more irregular and exuberant. They often occur 
in ligamentous structures. 

3. Destruction of Bone (Loss of Bone Substance): This is the term applied 
to a localized area of complete loss of calcium and bone architecture. Two 
varieties are recognized and require further definition: 

(a) Active destruction of bone is indicated by a spiculed and irregular margin 
of the remaining bone, by a decrease in the density of calcium in the surrounding 
area and by a tendency to progress as evidenced in repeated examinations. 

(b) Atrophic destruction of bone is evidenced by the occurrence of smaller or 
larger rounded areas, which present a smooth, sharply punched-out appearance. 
Such areas can be recognized only at the margin of bone usually at or near the 
joint. These areas stand out in sharp contrast to the bone, and there is no 
decrease in the density of calcium in the surrounding bone. These punched-out 
areas were formerly ascribed chiefly to gout. 

4. Joint Space: This is the area between the articular surfaces of contiguous 
bones which is normally occupied by cartilage. The area may be narrowed or 
obliterated (or at times even widened), according to the degree of destruction 
present in the articular cartilage. 

5. Ankylosis: This process occurs at the site of destroyed cartilage and may 
be of two types. 

(a) Bony ankylosis is identified by continuous trabeculae of bone extending 
from bone end to bone end. The change may occur in joints which are essentially 
immovable, for example, in the sacro-iliac joints, or in other joints that have had 
previous damage to the cartilage. 

(b) Fibrous ankylosis can be estimated only from the roentgenograms. It is 
evidenced by the absence of a joint space when bony ankylosis is not present. 

6. Changes in the Soft Tissues: In the present study considerable attention 
has been paid to the appearance and nature of the shadows made by the soft tissues. 
In spite of the fact that they may yield information of the greatest value, these 
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shadows are frequently overlooked in the routine examination of films of joints. 
In particular, observations have been made on the degree of atrophy or swelling 
in the periarticular tissues and on the nature and character of the effusion into the 
joint. The terms may be defined as follows: 

(a) Atrophy is indicated by a decrease in the diameter of the shadows made 
by the soft tissues. If the process is confined to one extremity, the degree of 
atrophy can be readily determined by comparison with a roentgenogram of the 
uninvolved extremity; if the process is bilateral, the degree of atrophy can only 
be estimated. 
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Fig. 1—Observations on patients with rheumatoid arthritis. 


(b) Swelling is indicated by an increase in the diameter of the shadow of the 
soft tissues outside the joint capsule. 

(c) Effusion is indicated by an increase in the diameter of the shadow of the 
soft tissues represented by the capsule and its contents. The capsule is usually 
outlined by the adjacent soft tissues, and the shadow cast by the effusion may vary 
greatly in its intensity, character and distribution. Thus, the shadow may be (1) 
dense or faint, (2) sharply defined or poorly defined and (3) evenly or unevenly 
distributed throughout the entire space enclosed by the joint capsule. 


Summary.—A tabulation of these six roentgenologic features, culled 
from the detailed observations, reveals a combination or grouping that 
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is characteristic for each of the seven types of chronic arthritis studied 
in this series. A summary of the observations on each of these types of 
arthritis follows. (The percentages refer to the incidence in relation 
to the number of cases studied.) 


Fig. 2—A is a roentgenogram and drawing of a patient with rheumatoid 
arthritis, showing systemic decalcification, small areas of atrophic destruction of 
bone, narrowing of the joint spaces, swelling of the soft tissues and effusion, 
which is symmetrical and especially well marked about the proximal inter- 
phalangeal joints. B is a roentgenogram and drawing of a patient with osteo- 
arthritis, showing absence of decalcification, marked production of bone, especially 
at the terminal interphalangeal joints, and comparative absence of destruction of 
bone or changes in the soft tissues. Drawings of the roentgenograms have been 
made in order to emphasize the important roentgenologic features. 


4 
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Rheumatoid Arthritis (Fig. 1; 59 Patients; 207 Joints) —Marked 
systemic decalcification was present in 95 per cent of the cases. This 
<ystemic decalcification occurred throughout the skeleton, but it was 
best seen in the bones of the hands and feet. 

Atrophic destruction of bone was noted in 85 per cent of the cases. 
his appearance, often referred to as punched-out areas, is a prominent 
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Fig. 3—Observations on patients with osteo-arthritis. 


feature of rheumatoid arthritis and occurs as frequently in cases of 
this disease as in cases of gout. As a rule, however, the areas of 
atrophic destruction are smaller in rheumatoid arthritis than in gout. 

Effusion is a characteristic feature of rheumatoid arthritis. In the 
majority of cases the shadow was dense (80 per cent), sharply outlined, 
fusiform (73 per cent) and evenly distributed (70 per cent). 

There was a slight degree of atrophy of soft tissues (33 per cent) 
or swelling (41 per cent) or both. There was comparative absence of 
local decalcification (13 per cent) or active loss of bone substance (11 
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per cent). Destruction of cartilage, although prominent in rheumatoid 
arthritis, was not especially characteristic of the disease. 

Particular mention should be made of the large percentage (77) 
of patients with rheumatoid arthritis who showed production of bone 
(lipping and osteophytes). In the majority of cases it was possible to 
differentiate the general character of this change from that seen in cases 
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Fig. 4—Observations on patients with gout. 


of true osteo-arthritis. In certain patients, however, the characteristic 
appearances of rheumatoid arthritis and osteo-arthritis could be observed 
coexisting in the joint. In view of the high incidence of osteo-arthritis 
in the population at large, especially in persons in the older age groups, 
this was not an unexpected finding and does not invalidate the concep- 
tion that osteo-arthritis and rheumatoid arthritis are distinct entities. 

Osteo-Arthritis (Fig. 3; 32 Patients; 52 Joints).—Marked produc- 
tion of bone, with lipping or osteophytes, was noted in all the cases 
(100 per cent). 
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Narrowing or obliteration of the joint space was present in 59 per 
cent of the cases. Narrowing of the joint space in cases of osteo- 
arthritis was most frequently observed in weight-bearing joints and in 
the terminal interphalangeal joints of the hands. In the weight-bearing 


Fig. 5—A is a roentgenogram and drawing of a patient with gout, showing 
large areas of atrophic destruction of bone and changes in the soft tissues 
centered on the areas of destruction of bone rather than on the joint itself. B is 
a roentgenogram and drawing of a patient with gonococcic arthritis in an early 
stage, showing local and regional decalcification, swelling of the soft tissues and 
effusion, active destruction of bone and narrowing and obliteration of the joint 
spaces. 


joints, that portion of the joint subjected to the greatest degree of 
trauma showed the most marked involvement. The narrowing was due 
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to a more or less localized destruction of the articular cartilage and 
was frequently associated with sclerosis of the subarticular bone. 

There was seldom any destruction of bone (9 per cent) or change 
in the soft tissue (9 per cent). Bony ankylosis, except in the “half” 
joints of the spine or sacro-iliac joints, was rare, and its presence indi- 
cated previous destruction of the cartilage due to other factors, such 
as trauma or infection. A slight degree of systemic decalcification was 
noted in 75 per cent of the cases. However, it should be pointed out 
that this degree of systemic decalcification is essentially normal for 
persons in the age period and occurs independently of any arthritic 
involvement. It was considerably less than the degree of systemic 
decalcification noted in cases of rheumatoid arthritis. 

Gout (Fig. 4; 12 Patients ; 21 Joints).—Swelling of the soft tissues 
was present in 67 per cent of the cases. The swelling was characteris- 
tically circumscribed, with fairly well defined borders, and was eccentric 
to the joint. Thus, since the swelling was not centered on the joint, 
there was not the symmetrical fusiform appearance seen in cases of 
rheumatoid arthritis. 

Effusion was present in 75 per cent of the cases. The effusion was 
dense (75 per cent), sharply defined (67 per cent) and uneven (75 
per cent) and was centered more on the area of atrophic destruction 
of bone than on the joint space. The character of the swelling and 
that of the effusion represent one of the most important differential 
points between gout and rheumatoid arthritis. 

There was atrophic destruction of bone, or punched-out areas, in 
83 per cent of the cases. These areas, although similar to those noted 
in cases of rheumatoid arthritis, were usually larger. There was some 
atrophy of soft tissues (17 per cent); the joint space was occasionally 
widened, and there was often a slight degree of regional (33 per cent) 
or local (25 per cent) decalcification. 

Gonococcic Arthritis (Fig. 6; 11 Patients; 12 Joints).—The roent- 
genologic features of gonococcic arthritis vary so markedly with the 
stage of the disease that it is necessary to differentiate between early 
and late changes. 

In the early stage swelling of the soft tissue is usually marked; it 
appears early and subsides within a few days or a few weeks. Local 
decalcification was noted in 64 per cent of the cases, and slight effusion 
was present in 64 per cent. Both the local decalcification and the effu- 
sion decreased in the later stages of the disease. 

In the later stages 82 per cent of the patients showed narrowing of 
the joint space, 36 per cent showed a moderate degree of active destruc- 
tion of bone and 45 per cent showed comparatively early healing, with 
fibrous or bony ankylosis. 
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Patients who have had gonorrhea may show another type of lesion 
in the metatarsophalangeal joints. Each of these joints may be involved 
in a peculiar process, the essential feature of which is atrophic destruc- 
tion of bone. Unlike the lesions observed in cases of rheumatoid 
arthritis, there is no evidence of effusion, swelling or repair. When 
these changes are observed in the metatarsophalangeal joints, calcaneal 
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Fig. 6—Observations on patients with gonococcic arthritis. 


spurs are usually present and are of the type associated with gonococcic 
infection. These spurs are irregular in outline and density and are less 
sharply defined against the soft tissues than the usual degenerative spurs 
of osteo-arthritis. 

Tuberculous Arthritis (Fig. 8; 32 Patients; 35 Joints ).—Regional 
decalcification was present in 78 per cent of the cases, and local decalci- 
fication was noted in 72 per cent. Both the regional and the local decal- 
cification persisted through the entire course of the disease. 
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Marked active destruction of bone was present in 84 per cent of the 
cases. This condition occurred early and tended to be slowly progres- 
sive, as was noted in roentgenograms made subsequently. There 
was atrophy of soft tissues in 66 per cent of the cases, and swelling 


Fig. 7—A is a roentgenogram and drawing of the patient with gonococcic 
arthritis observed in figure 5B, made seven months later. It shows fibrous and 
bony ankylosis and recalcification. B is a roentgenogram and drawing of a patient 
with tuberculous arthritis, showing local and regional decalcification, a marked 
degree of active destruction of bone, narrowing and obliteration * the joint spaces, 
swelling of the soft tissues and effusion. 


in 70 per cent. Effusion was noted in 72 per cent. The effusion con- 
stantly persisted and was dense (66 per cent), sharp in outline (53 per 
cent) and evenly distributed (41 per cent). 
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In cases of tuberculous and gonococcic arthritis the duration and 
verity of the symptoms are of the greatest importance when one 
attempts to interpret the roentgen shadows in terms of pathologic proc- 
esses in the joints. These two forms of arthritis possess several features 
in common, but the length of time required for the development of the 
changes in tuberculous arthritis is likely to be ten or twenty times as 
long as that required to produce the corresponding changes in gonococ- 
cic arthritis. 
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Fig. 8.—Observations on patients with tuberculous arthritis. 


Since the present communication is in the nature of a preliminary 
report, there is little opportunity to discuss the findings of other inves- 
tigators in the field of tuberculous arthritis. Brief mention should be 
made, however, of the results of the excellent studies of Allison and 
Ghormley,"* Pomeranz,’ Phemister and Hatcher,* Ghormley, Kirklin 
and Brav * and Brailsford.’4 All these authors have pointed out that 


7. Pomeranz, M. M.: Am. J. Roentgenol. 29:753, 1933. 
8. Phemister, D. B., and Hatcher, C. H.: Am. J. Roentgenol. 29:736, 1933. 
9. Ghormley, R. K.; Kirklin, B. R., and Brav, E. A.: Am. J. Roentgenol. 
30:747, 1932. 
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the diagnosis of tuberculous arthritis is difficult in the earlier stages 
of the disease. In cases of moderately well advanced involvement a 
characteristic picture is usually present. Phemister and Hatcher insisted 
that the destruction of cartilage occurs late in the course of tuberculous 
arthritis. In our experience, however, a definite degree of such destruc- 
tion can usually be demonstrated by the time the patient comes for 
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Fig. 9.—Observations on patients with rheumatoid spondylitis (Marie-Striimpell). 


examination. We agree with the statement of Ghormley, Kirklin and 
Brav that while the destruction of cartilage may be more rapid in other 
types of arthritis, this form of differentiation is by no means conclusive. 
It is also pointed out that rapidity of destruction can be determined only 
by successive examinations and that it is not synonymous with the 
degree of destruction. 

Rheumatoid Spondylitis (Marie-Striimpell) (Fig. 9; 11 Patients; 
33 Joints ).—The roentgenologic observations in the cases of rheumatoid 
spondylitis were similar to those noted in cases of rheumatoid arthritis, 
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except for the anatomic distribution. The atrophic destruction of bone 
and the changes in the soft tissues were not well defined because 
of the location of the affected joints in the spine. 

Systemic decalcification was present in 100 per cent of the cases. 


Fig. 10.—In A the roentgenogram at the left is of a patient with rheumatoid 
spondylitis (Marie-Striimpell), showing systemic decalcification, narrowing and 
obliteration of the spaces between the facets of the articular processes, calcifica- 
tion of the longitudinal ligaments and obliteration of the sacro-iliac joints. The 
roentgenogram at the right is of a patient with osteo-arthritis of the spine, 
showing absence of decalcification, lipping and osteophytes and the sacro-iliac 
joints relatively well preserved. B is a roentgenogram and drawing of a patient with 
Still's disease, showing systemic decalcification, atrophic destruction of bone, 
narrowing of the joint spaces, swelling of the soft tissues and effusion, symmetrical 
and especially well marked about the proximal interphalangeal joints. 
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Anklyosis of the intervertebral facets (100 per cent) was almost 
invariably accompanied by obliteration of the sacro-iliac joints. 

Calcification of the spinal ligaments was observed in 100 per cent 
of the cases. 

The bamboo-rod appearance of the spine in cases of rheumatoid 
spondylitis is well known. 
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Fig. 11—Observations on patients with Still’s disease. 


Attention is called to the fact that in all the cases of rheumatoid 
spondylitis included in the present study symptoms were exhibited 
for a period of at least two years. In cases in the earlier stages the 
characteristic ligamentous changes as a rule did not occur. 

Still’s Disease (Fig. 11; 11 Patients; 54 Joints) —The roentgeno- 
logic observations in this group were identical with those noted in cases 
of rheumatoid arthritis. There was, however, the frequent additional 
presence of epiphyseal overdevelopment because of the younger age 
of the patients. 
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COMMENT 


The present study of the roentgen observations on various forms 
of chronic arthritis has been made on selected groups of cases in which 
were present only the characteristic clinical and laboratory findings of 
the type of arthritis they represented. The following changes, observed 
roentgenologically, have been studied in detail: (1) decalcification, (2) 
production of bone, (3) destruction of bone, (4) changes in the joint 
space, (5) ankylosis and (6) shadows made by the soft tissues. No 
attempt has been made to describe in detail other characteristic roentgen 
findings or to correlate the type of arthritis with the particular joints 
involved. It has been noted, however, that for each of the types of 
chronic arthritis studied there was a basic grouping of pattern of 
roentgenologic findings. 

In submitting these patterns of roentgen findings as being charac- 
teristic for the various forms of chronic arthritis, it must be emphasized 
that the observations and interpretations are based on a much larger 
series of cases than those actually listed in the figures in this particular 
report. Regarding exceptional features in these patterns, such as the 
fact that local decalcification was noted in 13 per cent of the cases of 
rheumatoid arthritis, it must be understood that several joints were 
examined in most of the cases and some of these joints may well have 
been affected by complicating factors, such as previous trauma. In 


each case, however, there were usually 1 or 2 joints in which the con- 
dition conformed completely to the pattern described. The necessity 
of examining more than one area is emphasized, and it is recommended 
that the hands, feet, knees and lumbar portion of the spine be examined 
as routine, regardless of the joints of which the patient complains. 


This study has emphasized the importance of many well recognized 
features to be noted in the roentgen examination of a patient with 
chronic arthritis, but, in addition, attention is called to certain findings 
which are less generally appreciated. 

One of the prominent features of the roentgen findings in cases 
of chronic arthritis is the appearance and nature of the shadows made 
by the soft tissues. These shadows, which are frequently overlooked, 
are of the utmost importance in the differential diagnosis of the various 
forms of chronic arthritis. For example, the swelling of the soft tissues 
in cases of gout is so characteristically eccentric to the joint that it is 
sometimes possible to make a reasonably certain diagnosis on the basis 
of this one feature. In order to determine with reasonable accuracy 
the degree and extent of the changes in the soft tissue, it is necessary 
to have anteroposterior and lateral views of corresponding joints of 
the extremities. 
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It has been more or less generally recognized that atrophic destruc- 
tion of bone (so-called punched-out areas) constitutes a highly charac- 
teristic feature of gout. Our observations have demonstrated that this 
appearance occurs as frequently in rheumatoid arthritis as it does in 
gout. It should be mentioned, however, that the size of the areas 
observed in cases of rheumatoid arthritis is rarely as large as that seen 
in cases of gout in an advanced stage. 

Attention is called to the fact that roentgenograms may show little 
or no change in the early stages of rheumatoid arthritis, osteo-arthritis, 
rheumatoid spondylitis (Marie-Striimpell), gout, Still’s disease or 
tuberculous arthritis. In the early stages of gonococcie arthritis, how- 
ever, the roentgenograms are frequently of the greatest assistance in 
establishing a diagnosis. In this connection it is again emphasized that 
the roentgenologist should know at least the duration and severity of 
the symptoms in the joints in order to make a rational interpretation 
of the roentgen shadows. The appearance of a joint with gonococcic 
involvement of six weeks’ duration may closely resemble the appearance 
of a joint with tuberculous involvement of six months’ duration. 


The results of the study offer considerable evidence in support of 
the clinical conception that rheumatoid arthritis, Still’s disease and rheu- 
matoid spondylitis (Marie-Striimpell) are intimately related. The 
roentgenologic picture of Still’s disease has been found to be identical 


with that of rheumatoid arthritis in adults, while the picture presented 
by rheumatoid spondylitis (Marie-Striimpell) differs from that of 
rheumatoid arthritis only in the anatomic distribution of the articular 
involvement. It is important to note, moreover, that no evidence has 
been obtained which would warrant any subdivision of rheumatoid 
arthritis. In cases in which the atrophic features predominate, 
essentially the same roentgenologic picture is present as in the cases 
in which there is more obvious evidence of infection and inflammation. 
Also, it must be pointed out that rheumatoid arthritis and osteo- 
arthritis appear to be distinct entities on roentgen examination. Even 
in cases in which both types occur in the same patient, or even in 
the same joint, it is usually possible to demonstrate the characteristic 
changes of each type of arthritis in the roentgen film. 

The differentiation between rheumatoid spondylitis (Marie-Striim- 
pell) and osteo-arthritis of the spine has not been specifically referred 
to in this report. However, it is obvious from what has been said 
that those two forms of arthritis of the spine are considered to rep- 
resent merely special forms of rheumatoid arthritis and osteo-arthritis, 
respectively. The roentgenologic differentiation between these two 


TAYLOR ET AL—CHRONIC ARTHRITIS 997 


varieties of arthritis has recently been insisted on by Miller,’® Scott 
and Forestier and Robert '* and our findings are in agreement with 
theirs. This phase of the problem will be dealt with in greater detail 
in a subsequent publication. 

Attention is directed to the observation that there appears to be 
some relationship, as yet unexplained, between gonococcic infection and 
the arthritic changes observed in (a) the metatarsophalangeal joints, 
(b) certain types of calcaneal spurs and (c) some types of spondylitis. 
Also, an occasional puzzling case has been encountered in which the 
presence of a gonococcic infection has apparently modified the appear- 
ance of coexisting rheumatoid arthritis. 

In conclusion, it must be emphasized that no single roentgenologic 
feature is a diagnostic criterion for any one type of chronic arthritis. 
For example, in any one of the varieties of chronic arthritis there may 
occur some degree of (1) local decalcification, (2) production of bone, 
(3) narrowing of the joint space (destruction of cartilage) or (4) 
ankylosis (in uncomplicated cases of osteo-arthritis, ankylosis occurs 
only in the spine and in the sacro-iliac joints). Nevertheless, in each 
group of these cases with clinically typical manifestations a basic pat- 
tern or grouping of roentgenologic findings has been observed. It is 
significant that in the present study of groups with clinically typical 
changes the roentgenologists’ diagnosis was in agreement with the clin- 
ical diagnosis in all the cases selected. 

Further details will be reported later, dealing with the correlation 
between the laboratory and the roentgen findings and between the early 
and the late changes in each type of arthritis. Cases of borderline and 
doubtful types will be discussed, as well as the appearance of other 
types of lesions of the joints that may require differentiation from the 
common types of chronic arthritis. 


SUMMARY 


The roentgenologic findings in representative groups of cases of the 
following forms of chronic arthritis have been described: (1) rheuma- 
toid arthritis, (2) osteo-arthritis, (3) gout, (4) gonococcic arthritis, 
(5) tuberculous arthritis, (6) rheumatoid spondylitis (Marie-Striim- 
pell) and (7) Still’s disease. 

In each of these varieties of chronic arthritis there is a basic 
pattern or grouping of roentgenologic findings. 


10. Miller, J. L.: Chronic Rheumatic Diseases of the Spine, Arch. Int. Med. 
54:161 (Aug.) 1934. 

11. Scott, S. Gilbert: Acta rheumatol. 23:7, 1934. 

12. Forestier, J., and Robert, P.: Gaz. méd. de France (supp. radiol.), May 1, 
1934, p. 196. 
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Rheumatoid arthritis and osteo-arthritis are seen by roentgenograi; 
to be distinct entities. 

In rheumatoid spondylitis (Marie-Strimpell) and osteo-arthritis 
of the spine distinct roentgenologic appearances are noted. 

In rheumatoid arthritis, Still’s disease and rheumatoid spondylitis 
(Marie-Strtimpell) the same characteristic grouping of roentgenologic 
findings is present. 

Cases of rheumatoid arthritis cannot be divided into subgroups 
according to observations made on roentgen examination. 

Atrophic destruction of bone (punched-out area) is observed as 
frequently in cases of rheumatoid arthritis as in cases of gout. 

Roentgenograms, properly interpreted, are a valuable aid in the dif- 
ferential diagnosis and prognosis of the various types of chronic arthritis. 


MEDULLARY TUMOR OF THE ADRENAL GLANDS 


WITH HYPERTENSION AND JUVENILE ARTERIOSCLEROSIS 


D. N. KREMER, M.D. 
PHILADELPHIA 


The occurrence of tumors involving the medulla of the adrenal 
glands is uncommon enough to arouse interest. The finding of such 
a tumor in each adrenal gland, complicated by hypertension and by 
marked generalized arteriosclerosis, in a person of 14 years, whose death 
was immediately due to cerebral thrombosis, merits report. 


In a review of the early literature concerning the adrenal glands, 
there was some confusion, as the early reports were concerned chiefly 


with the pathologic point of view and neoplasms of these glands were 
considered rare and of little clinical import. With the increased infor- 
mation on the physiology and pathology of the adrenal glands, there 
has been greater appreciation of the role played by them in causing 
clinical manifestations of disease. 

The factors causing associated hypertension in paraganglioma of 
the adrenal glands are still not definitely known. However, the recent 
literature is replete with reports of cases of hypertension and associated 
clinical manifestations, which have been relieved or cured by surgical 
intervention and the removal of chromaffin tumors of the adrenal glands 
and of other growths of the chromaffin system. Pincoffs! recently 
reported three such cases. The main conclusions reached were that the 
paroxysmal nature of the hypertension may be overlooked because of 
failure to recognize the early symptoms, which are those of sympatheti- 
cotonia, and, unless frequent determinations of blood pressure are made 
at the right time, may be entirely overlooked. The importance of such 
early clinical determinations is evident in that the tumor may be ame- 
nable to surgical intervention, because in almost all cases such a growth 
is encapsulated and is free from metastasis. 

The following case report illustrates the finding of a medullary tumor 
in each adrenal gland in a young patient, whose condition was diagnosed 
as hypertensive heart disease with associated glomerular nephritis and 
whose death was attributed to acute cardiac failure with cerebral 
catastrophe. 


From the Medical Service, Philadelphia General Hospital. 


1. Pincoffs, M.: Paper read at meeting of American College of Physicians, 
Philadelphia, April 30, 1935. 
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REPORT OF A CASE 


N. F., a girl aged 14 years, was admitted to the medical service of Dr. F. J, 
Kalteyer, at the Philadelphia General Hospital, on Nov. 17, 1934; the chief com- 
plaint was attacks of coughing for the past three weeks. 

History.—The birth was normal; the weight was 10 pounds (4,535 Gm.), and 
there was no trauma at delivery. She was breast fed until the age of 18 months, 
and development was normal. Teething began at 10 months, and she walked at 
12 months. She had diphtheria at 4 years and scarlet fever at 5 years, with ten 
weeks’ convalescence at the Philadelphia Hospital for Contagious Diseases. At 
that time and immediately afterward there was no history or any evidence of 
acute nephritis. She had pertussis at the age of 5% years. Tonsillectomy was 
done at 6 years.’ She was admitted in March 1928, at the age of 8 years, to the 
Graduate Hospital of the University of Pennsylvania with a history of shortness 
of breath and cough. She remained two weeks and was readmitted in November 
1929 to the same hospital with the same complaints. During these periods of 
hospitalization, repeated examinations of the urine showed a variable specific 
gravity, from 1.010 to 1.025; the reaction to tests for albumin varied from negative 
to plus two, and there was an occasional hyaline cast. The blood pressure (one 
reading on each admission) was 90 and 95 systolic and 60 diastolic. The urea 
nitrogen content of the blood on Nov. 15, 1929, was 15 mg. per hundred cubic 
centimeters of whole blood. When phenolsulfonphthalein was administered on the 
same day, 50 per cent was excreted in one hour and 25 per cent in two hours. 
The basal metabolic rate on November 25 was +34. She was discharged with 
the diagnosis of parenchymatous nephritis. She was readmitted to another hos- 
pital in March 1931, with a history of cardiac pain and palpitation. At that time, 
examination of the urine showed hyaline and granular casts. The whole blood 
contained 15 mg. of urea nitrogen, 11.6 mg. of calcium and 125 mg. of sugar per 
hundred cubic centimeters. The serum contained 8.9 per cent protein, 6.3 per cent 
albumin and 2.6 per cent globulin. The results of repeated serologic examinations 
were negative. She was readmitted to the same hospital on June 15, 1932, in a 
stupor, with facial and peripheral edema. The blood pressure was 130 systolic 
and 110 diastolic. On the recovery of the patient from coma the blood pressure 
was 185 systolic and 140 diastolic. Studies of the eyegrounds were made at that 
time, and the report was nephritic retinitis, with arteriosclerosis incident to hyper- 
tension. There was bilateral atrophy of the optic nerve. Analysis of the blood 
showed 14 mg. of urea nitrogen per hundred cubic centimeters, 3.5 mg. of uric 
acid and 1.4 mg. of creatinine. 

The third admission was on Oct. 31, 1933. The blood pressure was 172 systolic 
and 110 diastolic. Examination of the eyegrounds revealed old and new retinal 
hemorrhages, and examination of the visual fields revealed reduction to central 
vision. Examination of the urine revealed a specific gravity of 1.028. The blood 
contained 15.2 mg. of urea nitrogen per hundred cubic centimeters. 

At the time of the fourth admission the blood pressure was 206 systolic and 
152 diastolic. The heart was markedly enlarged. A roentgenogram of the skull 
showed that the sella turcica was normal. The diagnosis was chronic diffuse 
nephritis with hypertension. 

When the patient was admitted to our service, the main symptom was attacks 
of severe coughing, which was aggravated by exertion, worse at night and non- 
productive, without hemoptysis. 

General Examination—The patient weighed 85 pounds (38 Kg.). She was 
stubborn and somewhat spoiled. Her stature was shorter than normal. There 
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was some kyphosis of the thoracic portion of the spine. The pelvis was well 
developed and was of the same width as the shoulders. The hands and feet were 
small. There was marked genu valgum on each side. 

The outstanding abnormality of the skin was a mottled, dusky red, spider-web 
pigmentation of the lower part of the arms and legs and a coarser texture than 
normal (keratosis pilaris). 

The body was somewhat full in the trunk, and the abdomen was prominent. 
The breasts were small and were not well developed for the patient’s age and race. 

The upper and lower extremities were normal. There was a growth of fine 
hair over the forehead and the body. The pelvic hair line was normal. On the 
arms and legs there was a universal distribution of hair, which was short, coarse 
and poorly pigmented. 

The pupil of the right eye was larger than that of the left. There was no 
nystagmus. In the right eye the media were clear and the disk was well defined 
and almost white. The physiologic cup was filled, the veins were normal, and 
the arteries were small and sclerosed, some being represented mostly by a white 
line. The fundus throughout showed considerable degeneration, with numerous 
small atrophic areas and exudates. The condition of the left eye was the same. 
The diagnosis was atrophy of the optic nerve and retina, probably secondary to 
neuroretinitis. 

There was hypertrichosis. The face appeared old; the fingers were tapered, 
and the hands were small and stubby. The thyroid gland was slightly enlarged. 

Occasional fine rales were heard at the bases of the lungs, which were otherwise 
normal. 

The blood pressure was 190 systolic and 150 diastolic. The cardiac impulse 
was rapid, regular, powerful and diffuse. The apex beat was heard at the fifth 
interspace 8 cm. from the midsternal line. There were no murmurs. The aortic 
second sound was greater than the pulmonic second sound and was accentuated. 
The pulses were equal, regular and of good volume. 

The liver and spleen were not palpable. 

Roentgenograms made on November 18 showed that the transverse diameter 
of the heart was enlarged to approximately 13 cm. and that the transverse diameter 
of the chest was 21 cm. The supracardiac shadow was slightly widened. In a 
roentgenogram taken in the right oblique position the retrocardiac space was shown 
to be obliterated and the barium sulfate-filled esophagus was shown to be displaced 
backward. There was considerable haziness over both pulmonary fields. The 
cardiac silhouette was suggestive of a bilateral mitral lesion. There was passive 
congestion of the lungs. 

An orthodiagram was made on November 19. The total intrathoracic diameter 
was 22.6 cm., and the total cardiac diameter, 13 cm. The heart was considerably 
enlarged, having a rounded, prominent left ventricle. These features were salient 
characteristics of considerable hypertrophy. 

An electrocardiogram taken on November 19 showed some left axis deviation. 
The T wave was inverted in leads 1 and 2. This indicated the severe strain that 
the heart was under as a result of the hypertension. 

On November 18 a roentgenogram showed that the bones of the skull were 
normal. There was no evidence of convolutional atrophy. The clinoid processes 
appeared slightly enlarged, and the posterior processes were somewhat bulging. 


Laboratory Examination.—The specific gravity of the urine was from 1.016 
to 1.029. The reaction to tests for albumin was from + to ++. There was 
no sugar. The urine contained an occasional granular cast but no red blood cells. 
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On Nov. 21, 1934, when the phenolsulfonphthalein test was made, 10 per cent 
was excreted in the first hour and 20 per cent in the second -hour—a total of 
35 per cent. 

Chemical analysis of the blood serum showed 3.64 Gm. of albumin per hundred 
cubic centimeters, 2.62 Gm. of globulin and 6.26 Gm. of total protein. On Novem- 
ber 19 the red cell count was 5,100,000 and the white cell count was 17,050. 


ip i 2 


Fig. 1—Gross specimen of adrenal glands. 


On November 21 the red cell count was 5,540,000 and the white cell count was 
17,700. Chemical analysis of the blood showed 102 mg. of sugar per hundred cubic 
centimeters, 9 mg. of urea nitrogen and 548 mg. of chlorides. 

Course—On December 1 there were stupor and breathing of the Cheyne- 
Stokes type. The reflexes were increased; there was marked ankle clonus, and the 
Babinski sign was not present. There was pulmonary edema. The patient died 
suddenly at 5 a. m. 
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Fig. 2.—A section from the adrenal tumor, showing a typical alveolar arrange- 
ment of the cells bearing chromaffin granules with septums formed by delicate 
wavy spindle cells with long fibrillar cytoplasmic terminals (x 149). 


Fig. 3—A section from the adrenal tumor, showing variation of cell type with 
the appearance of an occasional giant form; (x 149). 


Se 


Fig. 4+—A _ section from the kidney under low power magnification ( 38), 
showing thrombotic lesions of the arterioles and tufts at the points marked 4. 


Fig. 5.—Photomicrograph of a section from the kidney, showing intraglomerular 
thromboses of one tuft at A, arteriolar proliferation at B, hyalinization of con- 
voluted tubular epithelium at C and interstitial round cell infiltration at D (x 149). 
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Autopsy.—Macroscopic Anatomic Examination: There was mild obesity. The 
skin showed keratosis pilaris. The breasts were underdeveloped. The aorta 
showed juvenile atherosclerosis. The heart showed marked concentric myocardial 
hypertrophy of the hypertensive type, and degeneration was present. There was 
acute passive congestion of the lungs, with edema and multiple hemorrhagic 
infarcts. There were acute and chronic passive congestion of the spleen, acute 
passive congestion of the kidneys and passive congestion of the bladder. The 
uterus was juvenile, and there were simple cystomas of the ovaries. Passive con- 
gestion was present in the gastro-intestinal tract. The liver showed mild paren- 
chymal degeneration and acute passive congestion. The gallbladder was apparently 
normal. There was passive congestion of the pancreas. The adrenal glands 
showed bilateral neuroma ganglionare. The skeleton was apparently normal. 
Hyperplasia was present in the perirenal lymph nodes on the left side. There 
were thrombosis of the blood vessels of the left hemisphere of the cerebrum, 
internal hydrocephalus and atrophy of the optic chiasm. 

The kidneys weighed 150 Gm. each. The capsules were thin and_ stripped 
with ease, leaving a firm, dark red, smooth surface, but beneath the left adrenal 
gland the parenchyma had a lighter, reddish-brown hue. On sectioning, the cut 
edges were sharp, and blood oozed from the cut suriace. The corticomedullary 
ratio was normal. The pelves and ureters were normal. 

The left adrenal gland weighed 70 Gm.; the right, 35 Gm. Both were greatly 
enlarged; the right was fairly uniform, but the left was slightly nodular. There 
was a slight enlargement of the adjacent lymph nodes on the left; they were 
firm and had a homogeneous, grayish appearance. On sectioning, the two adrenal 
glands showed a similar appearance. The cortex was thin and yellowish brown, 
encircling the tumor but not apparently being involved. The tumor was irregu- 
larly yellowish brown and reddish gray, with a few grayish fibrous trabeculae: 
most of the medulla was replaced by tumor tissue; that which remained was firm 
and dark red. 

Histologic Examination: There were moderate atherosclerosis of the aorta, 
marked myocardial hypertrophy and degeneration, and marked sclerosis of the 
coronary vessels. The lungs showed hemorrhagic infarction, recent venous throm- 
bosis, arteriosclerosis and acute and chronic passive congestion. There was acute 
and chronic passive congestion of the spleen, as well as arteriosclerosis. In the 
kidneys there were recent anemic infarcts, arteriolar and intraglomerular hyaline 
thrombosis, severe tubular hyalinization and mild eccentric thickening of the intima 
of the renal arteries. Hypoplasia and arteriolar hyalinization were present in the 
uterus. The ovaries showed follicular cystomas, arteriosclerosis and acute passive 
congestion. There was moderate parenchymal degeneration of the liver, with 
leukocytic stasis and mild fat infiltration. The pancreas showed mild parenchymal 
degeneration and marked arteriosclerosis. Pronounced arteriosclerosis was also 
present in the thyroid gland and in the diaphragm. There was a paraganglioma 
in each adrenal gland. 

Pathologic Diagnosis: Death was caused by hypertensive heart disease, throm- 
bosis of the vessels of the left hemisphere of the cerebrum and paraganglioma. 


COM MENT 


The presence of hypertension in a young person who was found 
to have a medullary tumor of each adrenal gland raises the question of 
wuat part, if any, the paragangliomas had in the causation of the hyper- 
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tension. The theory that hypertension is the result of an increase in the 
amount of circulating epinephrine is questionable. Nevertheless, Elliot 
and Nuzum * expressed the belief, as a result of their studies, that there 
is the possibility of a pressor principle in the circulating blood in per- 
sons with arterial hypertension. It is possible that overactivity of the 
chromaffin system is internally related to sclerosis of the finer arterioles, 
such as takes place in contracted kidneys, but has no bearing in the 
causation of atherosclerosis of the larger vessels. Tumors involving 
the chromaffin cells of the adrenal glands are accompanied by crises 
of hypertension, which may be very severe. These tumors seem to act 
by an excessive gradual or sudden discharge of epinephrine into the 
blood stream. This causes a dysfunction of the regulatory mechanism 
for arterial tension, thus resulting in an intense vasoconstriction and 
a subsequent rise in blood pressure. Konschegg * claimed that he was 
able to determine an increase in the amount of a lipoid substance com- 
bined with epinephrine in the blood of patients with hypertension. Frei * 
concluded that when hypertension occurs in the young, with the presence 
of associated organic changes, such as arteriosclerosis, disease of the 
kidneys and cardiac hypertrophy, one should consider the possibility 
of changes in the adrenal glands. Laubry and Bernal,’ in their discus- 
sion of a case of medullary tumor of the adrenal glands, arrived at the 
following conclusions: The clinical history may be divided into two 
distinct phases: In the first, the crises of paroxysmal hypertension are 
separated by intervals in which the pressure is normal and in which 
the functional disturbances which accompany the sudden differences of 
pressure level are absent. In the second, the crises of pressure increase 
and occur with greater frequency, the hypertension becoming permanent, 
and at the same time there is a manifestation of renal lesions and sub- 
sequent organic changes depending on the permanent hypertension. 


SUMMARY 


In a patient with juvenile hypertension, who died of cerebral throm- 
bosis, postmortem examination revealed paraganglioma of each adrenal 
gland. The following conclusions are tenable: 1. Careful considera- 
tion of the clinical history precludes the possibility of primary hemor- 


2. Elliot, Albert H., and Nuzum, Franklin R.: J. Lab. & Clin. Med. 18:1255 
(Sept.) 1933. 

3. Konschegg, T.: Mechanism of Normal and Increased Blood Pressure, 
Klin. Wchnschr. 13:1452 (Oct. 13) 1934. 

4. Frei, Walter: Nebennierenmark und Hypertonie, Frankfurt Ztschr. f. 
Path. 46:523, 1934. 

5. Laubry, Charles, and Bernal, P.: Paraganglioma of Medulla, Bull. et 
mém. Soc. méd. d. hép. de Paris 50:658, 1934. 
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rhagic nephritis which had passed into a chronic phase with associated 
organic changes. The early and late absence of dysfunction of the 
kidneys, the normal range of specific gravity of the urine and the normal 
blood are in favor of this view. 2. The evidence of glandular dysfunc- 
tion as evinced by the character of the distribution of the hair and fat 
and the lack of full sex development for the patient’s age and race 
suggest some pituitary factor indirectly influenced by the adrenal hor- 
mones. 3. Early in the history, the symptoms causing hospitalization, 
such as precordial pain, cardiac palpitation and dyspnea, were suggestive 
of hypertensive crises, although in two studies readings of blood pres- 
sure were normal. 4. Later findings of persistent hypertonia, changes 
in the eyegrounds and cardiac hypertrophy were indicative of permanent 
organic changes. 

On the basis of these conclusions, one is justified in considering 
this a case of hypertension due to an adrenal factor, with early symp- 
toms of a paroxysmal type of vascular crisis, which was not recognized. 
Later, a fixed hypertension merged into the malignant state, with all 
the organic changes concomitant in such a condition. The occurrence 
of hypertension in the young, with failure to discover the cause for 
such a condition, should always suggest the possibility of chromaffin 
tumor of the adrenal glands. 
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It has long been recognized that the existence and severity of dysp- 
nea in persons with diseases of the heart and lungs often bear little 
relation to disturbances in the acid-base equilibrium or in the aeration 
of the blood. This was suggested by the work of Krogh and Lindhard ! 
on muscular exercise as long ago as 1913 and was definitely described 
by Peabody and Wentworth ? in 1917 in certain cases of cardiac disease 
with dyspnea. Further evidence to the same effect has more recently 
been brought forward by Anthony,* Cullen and his associates,* Knip- 
ping, Lewis and Moncrieff ° and others. 

The importance of the mechanics of breathing in the causation of 
dyspnea has received adequate attention only in recent years, owing 
perhaps in part to the great advances made, especially between 1914 
and 1928, in the knowledge of the acid-base equilibrium of the body 
and particularly of the physical chemistry of the blood, with correspond- 
ingly less attention given to other phases of the subject. Probably 
the contribution that did more than any other to restore a proper con- 
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ception of the balance between the chemical, or humoral, and the physi- 
cal, or mechanical, phases of breathing was that of Hess® in 1931. 
This dealt almost wholly with physiologic and pharmacologic rather than 
with clinical material. Both from earlier work of others and from 
his own observations, Hess developed the theory that chemical 
(humoral) stimuli derived from tissue metabolism determine the volume 
of breathing and physical stimuli, or those derived from the air passages 
and the moving framework of the chest, determine its form. 

Considered in the whole category of mechanical movements pro- 
ducing pulmonary ventilation, the activities of nearly all the muscles 
of the thorax and abdomen and secondarily those of the extremities also 
are concerned in the maintenance of the equilibrium within which the 
act of breathing proceeds. Among the dynamic types of equilibrium 
are those which maintain pressure relations in the chest and abdomen, 
with the diaphragm serving in part as a single partition between these 
(Schoen and Hempel *). Roentgen kymographic study (Dahm,* Cramer, 
Wilke and Weber *) has further shown dynamic relationships between 
various groups of respiratory muscles and their bony attachments dur- 
ing different phases of breathing. These authors (and Felix '’) con- 
clusively demonstrated the existence of synergy and antagonism of 
movement of these groups of muscles. 

A description of the whole integrated mechanism of breathing from 
the point of view of its nervous regulation has been written recently 
by Fleisch.‘ Following Hess, Fleisch conceived of the central regu- 
lating mechanism (“respiratory center”) as imposing a definite ventila- 
tory exchange of air, with respiratory and expiratory phases. The 
proprioceptive impulses, streaming into the respiratory center from all 
parts of the breathing mechanism, determine the manner and the inten- 
sity of the act of breathing, whereby the required ventilation is accom- 
plished. 

The relation of the phenomenon of subjective dyspnea to abnor- 
malities or defects in the mechanics of the respiratory or circulatory 
system has been developed by several recent workers (Harrison and 
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his associates,'* Knipping,’* Herbst,'* Storm van Leeuwen, van Niekerk 
and Weltz,'’® Gavazzeni and Cotti'®). 

The present investigation provides further data on this problem. 
In brief, we have attempted to study pulmonary and circulatory func- 
tions in a patient with pulmonary fibrosis who showed an extreme degree 
of physical disability due to exertional dyspnea, with almost negligible 
abnormalities in the aeration of his blood by the lungs and no demon- 
strable defects in the transport of gases by the circulation. 

This case is one of the general group studied especially by Anthony,’ 
by Storm van Leeuwen and his associates *® and by Knipping and his 
co-workers,® in which marked mechanical difficulties of breathing appar- 
ently constitute the cause of dyspnea. We have endeavored to analyze 
the particular mechanical difficulties of breathing suffered by this 
patient. For purposes of comparison we studied at the same time a 
second patient with pulmonary fibrosis, who had considerable cyanosis 
and oxygen unsaturation and a definitely disturbed acid-base equilibrium, 
yet relatively slight exertional dyspnea; and for further comparison 
we made a number of measurements on a normal person under the 
same conditions of rest and exercise as the two patients with pulmonary 
fibrosis. 

Case 1.—J. M. was a salesman, aged 45, suffering from pulmonary fibrosis 
with dyspnea. The onset of pulmonary tuberculosis with hemoptysis occurred in 
1911, and he was treated for eighteen months. From 1913 to 1930 he enjoyed 
good health. In February 1930 he had a small hemoptysis. He was seen first at 
the Bellevue Hospital at that time; the diagnosis was healed tuberculosis of the 
upper lobe of the right lung with productive lesions at the apex of the left lung. 
The sputum was normal. The heart was apparently normal. The pupils were 
very small, reacting slightly to light. The Wassermann reactions of the blood and 
spinal fluid were negative. He was readmitted in July 1931, because of slight 
hemoptysis. His condition was similar to that noted at the time of the first admis- 
sion. He was readmitted in May 1932 and again in July 1933, on account of 
dyspnea on exertion, which had been noticed since early in 1932, appearing after 
walking or other mild exertion. There was polypnea at rest, without discomfort. 
There was no dyspnea except on exertion and no cyanosis. 

Examination.—The temperature was normal, the pulse rate from 70 to 80 and 
the respiratory rate from 30 to 36. The weight was 125 pounds (56.7 Kg.). He 
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was of medium stature, not abnormally slender, with a ptotic posture and flabby 
muscles. There was no cough or sputum. Examination of the chest revealed a 
fibrotic type of tuberculosis of the upper lobe and the apex of the right lung, with 
diminished breath sounds and a normal percussion note. There were no rhonchi 
or wheezing. The heart was of normal size, and there was a snapping second 
pulmonic sound. The blood pressure was 120 systolic and 70 diastolic. The other 
organs were normal. An electrocardiogram showed a slightly low voltage. Dur- 
ing his first six weeks in the hospital the patient was extremely dyspneic on slight 
exertion. In the ensuing nine months there was a gradual increase in tolerance 
of exercise, with no treatment other than the training involved in many exercise 
and respiration experiments. 


Fig. 1.—Dyspneic subject during quiet expiration, showing persisting spasm of 
upper accessory muscles of respiration. 


Case 2.—A. C. was a clerk, aged 26, who had advanced chronic pulmonary 
tuberculosis, with arterial anoxemia, without dyspnea. The onset of tuberculosis 
occurred in 1927. He was treated for twenty months and was discharged with the 
condition thought to be arrested. Sudden hemoptysis occurred late in 1932, requir- 
ing artificial pneumothorax. There had been loss of weight since then. He was 
admitted to the Bellevue Hospital in July 1933. He weighed 111 pounds (50.34 Kg.) 
and appeared chronically ill. There was slight cyanosis. Partial pneumothorax was 
present on the left, limited by pleural adhesions. Cavitation was present in the 
upper lobe of the left lung. There was slight hyperpnea at rest but no subjective 
dyspnea. Moderate exertion (stair climbing) could be carried out without 
dyspnea. 


| 
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Case 3.—H. B. was a physician, aged 27, normal but not in good physical 
training. He weighed 141 pounds (65 Kg.) and was 5 feet, 9 inches (175 cm.) 
tall. 

PROCEDURE 

Measurements in the resting state were made both with the subject lying supine 
and when he was standing. 

The form of exercise was simpie: stepping up and down at a constant rate, 
using a single step 20 cm. high. Two rates, or degrees of exercise, were used, 
each based on the tolerance of the dyspneic subject for exercise. The first (“fast 
exercise”), of about thirty-five steps a minute, constituted the maximum exertion 
which the patient could tolerate for one minute. As a matter of fact, during the 
early experimental procedures, which were carried out shortly after the patient's 
admission to the hospital, his tolerance was only twenty or twenty-five steps a 
minute. Later it improved. 

The second (“slow exercise”), of about twenty steps a minute, was an exertion 
which the dyspneic patient could carry on for several minutes without more than 
moderate respiratory distress. 

The anoxemic patient had slight subjective dyspnea after one minute of the 
“fast exercise” and none after several minutes of “slow exercise.” The normal 
subject was not dyspneic after either. 

For most of the experiments on the blood before and during exercise and for 
all the experiments on respiration before and during exercise all subjects were 
under fasting, basal conditions. For most of the experiments on volume of the 
lungs, roentgen studies and determinations of venous pressure, velocity of flow and 
volume of blood they had been in the resting state for an hour or more but were 
not under basal conditions. 

METHODS 


The vital capacity and its subdivisions were recorded graphically, with a 
standard Benedict-Roth metabolism apparatus, but with a more rapidly moving 
recording drum. There was an error in the measurements of tidal air and of 
reserve air performed in this way, owing to the absorption of carbon dioxide 
during expiration, but this error was small and the necessary correction could be 
approximated. 

Residual air was measured by the method of Christie.17 

For the investigation of pulmonary function, two sets of exercise experiments 
were performed, one for the purpose of recording graphically the amplitude, fre- 
quency and form of respiratory movements and the other for the quantitative 
measurement of ventilation and total exchange of gases. In both cases, the sub- 
ject’s procedure was essentially the same. He was under fasting, basal conditions. 
He first stood at rest with the mouthpiece and nose clip attached for five or ten 
minutes, in order to reach an approximately steady state. The control observa- 
tions were then made, over a period of one or two minutes. After that, at a signal, 
exercise was begun, the number of seconds taken for each step being regulated 
by a stop-watch. Continuous records of respiration were taken from the moment 
when the signal for beginning exercise was given. After exercise stopped further 
observations were made during the first two minutes of recovery, while the sub- 
ject stood still in the same position as during the control period. 


17. Christie, R. V.: The Lung Volume and Its Subdivisions: I. Methods of 
Measurement, J. Clin. Investigation 11:1099, 1932. 


COURNAND ET AL—DYSPNEA 1013 


The observations on respiratory movements were recorded graphically, the 
closed system of a large (9 liter spirometer) Benedict-Roth metabolism apparatus 
being used and the movements of the spirometer being recorded on a Harvard 
kymograph moving at a suitable velocity. By means of a three way valve the 
subject’s respiration could be shunted from outside air into the closed system of 
the apparatus at any desired moment. Continuous records were made over one 
minute periods. Enough oxygen was introduced into the spirometer beforehand 
and at one minute intervals during the experiment so that the average concentra- 
tion of air breathed during the minute was approximately atmospheric. 

For the measurement of exchange of gases, the outflow tube from the mouth- 
piece was connected with a three way valve, which could throw the expired air 
either into a 120 liter Tissot spirometer or into a Douglas bag. By the alternate 
use of these containers, several successive volumes of air expired during one 
minute periods could be obtained and samples removed for analysis. Analyses of 
the gases were made by the Haldane apparatus. 

Samples of arterial blood were drawn and analvzed according to a technic 
recently described.1§ 


Taste 1—Volume of Lungs During Rest 


Residual Reserve Tidal Comple- Vital Total 
Air, Air, Air, mental Air, Capacity, Capacity, 
Subject Position Ce. Ce. Ce. Ce. Liters Liters 
J. M. (dyspneic) Supine 1,551 689 434 »308 2.42 3.97 
A. C. (anoxemic) Supine 1,673 5&9 
Standing 853 


H. B. (normal) Supine 1,116 2,100 


Venous pressure was measured by the direct method. Intrapleural pressure 
(anteriorly) was measured on one occasion simultaneously with a determination of 
venous pressure. The subject was semirecumbent. The velocity of blood flow was 
determined by intravenous injection of decholin sodium (sodium dehydrocholate), 
the “velocity” being the number of seconds from the moment of injection to the 
first sensation of bitter taste in the mouth. The volume of blood was estimated by 
the dye method, brilliant vital red being used. 

Attempts were made with the dyspneic subject to measure the cardiac output 
during resting, by the use of a method recently described.15 These attempts were 
unsuccessful, as the subject did not retain a steady state, so far as respiratory 
gases were concerned, long enough to permit a determination of cardiac output to 
be completed. 

RESULTS 

From a large amount of data accumulated over seven months’ time, 
typical examples illustrating the behavior of the dyspneic subject, with 
similar measurements, for comparison, on the other two subjects, are 
presented in the accompanying tables and figures. 

Table 1 gives for each subject average figures for the subdivisions 
of lung volume, taken with the patient at rest. Further observations, 


18. Richards, D. W., Jr.; Cournand, A., and Bryan, N. A.: Applicability of 
Rebreathing Method for Determining Mixed Venous CO: in Cases of Chronic 
Pulmonary Disease, J. Clin. Investigation 14:173 (March) 1935. 


ee 522 2,402 5.02 6.13 
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not included in the tables, were made on the dyspneic, subject’s vital 
capacity during the period of recovery, from thirty seconds to ten min- 
utes after exercise. There was found to be a definite increase of from 


TasLe 2.—Measurements of the Chest of the Dyspneic Subject During Rest, 
During Deep Inspiration and During Complete Expiration 


Resting Deep Complete 
Position Inspiration Expiration 
Anteroposterior diameter, angle of Louis to sixth 
dorsal vertebra 13. 13.5 17.0 
Xyphoid process to tenth dorsal vertebra 9. 21.0 18.5 
Lateral diameter, axilla to axilla 27.6 27.8 27.0 
Circumference of chest at the level of the ninth 
dorsal vertebra below pectoralis major 81.0 


Exercise, Recovery 
Rest, 1 Minute, ——-— ——*— 
Standing 25 Steps First Min. Second Min. 
M. (dyspneic)—s/28 
Respiratory rate 
Pulse rate 


Ventilation, liters per minute 

Carbon dioxide output, percentage 

Carbon dioxide output, ce. per minute... 

Oxygen intake, percentage 

Oxygen intake, cc. per minute 
Respiratory quotient 


B—J. M. (dyspneic)—9/22 
Respiratory rate 
Pulse rate 


Ventilation, liters per minute ae 
Carbon dioxide output, percentage. . 
Carbon dioxide output, ce. per minute. 
Oxygen intake, percentage 

Oxygen intake, ce. per minute.... 
Respiratory quotient 


1 Minute, 34 Steps 

C—A. C. (anoxemic)—10/26 

Respiratory rate 

Ventilation, liters per minute 

Carbon dioxide output, percentage 

Carbon dioxide output, ec. per minute... 

Oxygen intake, percentage 

Oxygen intake, ce. per minute 

Respiratory quotient 


D—H. B. (normal)—11/28 
Respiratory rate 
Ventilation, liters per minute 
Carbon dioxide output, percentage 
Carbon dioxide output, ce. per minute... 
Oxygen intake, percentage 
Oxygen intake, ce. per minute 
Respiratory quotient 


@ 
& & 


| 
| 


200 cc. to 400 cc. at this time, as compared with values before exercise. 

The measurements of the diameters of the chest are given in table 2. 
Spirographic tracings of the dyspneic patient’s respiration at rest, 

in fast and slow exercise and in recovery, together with comparative 


TaBLe 3.—Respiratory Functions During Rest and During and After One Minute 
of Fast Exercise 
I I 370 457 578 
; 10.0 9.1 17.4 14.1 
2.26 2.52 2.63 2.31 
226 230 456 326 
2.76 4.19 2.81 2.00 
276 383 488 283 
0.32 0.60 0.93 1.15 j 
1 Minute, 37 Steps : 
Tidal a 372 790 568 
13.4 27.6 20.5 i 
1.89 3.06 2.61 
253 02 534 
: 2.20 3.97 2.60 
295 1,095 531 
0.36 0.82 1.01 
43 40 
720 670 
31.0 26.8 
2.42 2.39 
750 641 
2.83 2.77 
877 743 
0.87 0.87 
1 Minute, 37 Steps 
18 6 26 
417 805 980 604 
7.5 16.1 25.5 
: 2.48 3.68 3.13 
136 592 799 
3.69 5.87 3.96 
277 45 1,010 
0.67 0.63 0.30 
x 
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tracings from the anoxemic and the normal subjects, are shown in 


figures 3 to 7. Exercise experiments were done with the dyspneic 


patient under normal basal conditions, other similar experiments when 
he was under the influence of epinephrine and still others after an injec- 


tion of atropine. 


Measurements of the oxygen deficit were attempted 


TABLE 4.~—Respiratory Functions During Rest and During and After Four 
Minutes of “Slow” Exercise 


Rest, 
Stand- 
ing 


. (dyspneic) 
36 (26)* (11) 


523(481) (868) 


Respiratory rate 

Ventilation, liters per minute 

Carbon dioxide output, percent- 
age 

Carbon dioxide 
minute 


output, 


Oxygen intake, percentage 
Oxygen intake, ee. per minute.... 


Respiratory quotient 


Respiratory rate 


Ventilation, liters per minute 
Carbon dioxide output, percent- 


Oxygen intake, percentage 
Oxygen intake, ce. per minute.... 
Respiratory quotient 


Exercise (20 Steps per Minute) 
First 
Minute 
Experiments of 9/29, 


First 
Minute 


Third 
Minute 
9/30 and 

(16) 


Second 
Minute 


Fourth 
Minute 


10/2) 
(16) 
1,298) (1,162) 


(16) (22 


(1,257) 


16.4 


(1,265) ( 


19.2 18.9 


26.7 
4.15 

74 
4.63 

0.30 


3, 11/13 and 


1,013 
3.45 

1,053 
0.96 


Recovery 


Second 
Minute 


(50) 
(790) 


22.6 


H. 


Ventilation, liters per minute 
Carbon dioxide output, percent- 


B. (normal) 
19 
428 


Oxygen intake, percentage 
Oxygen intake, ec. per minute.... 
Respiratory quotient 

* From an experiment with graphic registration of respiration, with slightly increased 
resistance and therefore with slower respiratory rates. 


0.55 0.64 


on the dyspneic subject, without success on account of the variability 


in respiratory midposition. In the anoxemic subject the oxygen deficit 
was 250 cc. and required five minutes to be replaced during oxygen 
breathing. 

Examples of measurements of respiratory function during and after 
fast and slow exercise are given in tables 3 and 4. Similar experiments 
were done with the dyspneic subject after injections of atropine sulfate 
and of epinephrine hydrochloride. 


J. ™M 
11.7 9.9 
1.84 2.77 3.57 J 2.54 
214 273 586 576 
2.48 4.32 5.15 2.55 
289 427 S44 566 
0.74 0.64 0.70 4 1.01 
A. C, (anoxemic)—Experiments of 11/3, 11/15 
470 696. 712 845 1,139 764 nasene 
age eal 2.05 2.46 2.68 3.06 3.32 2.85 kpadve 
: Carbon dioxide output, ec. per 
231 429 572 827 893 ee 
2.76 3.36 3.63 3.61 3.08 oe 
316 587 774 977 
0.74 0.75 0.74 0.85 
: Experiments of 1/12 and 1/18 
640 975 955 1,227 
2.45 2.96 3.14 4.06 3.68 2.65 2.95 
Carbon dioxide output, cc. per 
360 611 816 568 465 


1016 ARCHIVES OF INTERNAL MEDICINE 


Studies of the arterial blood at rest and immediately after one min- 
ute’s exercise are shown in table 5. 

Simultaneous readings of venous pressure and pleural pressure are 
given in table 6. 

The arterial blood pressure was normal in both dyspneic and anox- 
emic patients at rest and showed normal responses after exercise. The 


Tas_e 5.—Data on Arterial Blood During Rest and After Exercise 


Arterial Blood 


— 


Oxygen Saturation, 
Blood Volume, Ce. 


Percentage 
Blood Velocity, 


Volumes per Cent 
Seconds 


Carbon Dioxide, 
Volumes per Cent 
Oxygen, Volumes | 
per Cent 

Carbon Dioxide, 
40 Mm., Volumes 
Oxygen Capacity, 


Carbon Dioxide 
per Cent 


Work, Number 
Duration of Exer- 
cise, Minutes 

Mm. 

Du 


Condition 
of Steps 


J.M. 8/9 At rest, fasting 


after exercise. 
At rest, fasting 


~ 

~ 

> 


after exercise. 


At rest, nonfast- 
ing, supine... . 
Exercise......... 
20 to 40 seconds 
after exercise. 


At rest, fasting 
standing 

Exereise......... 

to seconds 
after exercise. 


. 11/21 Atrest, nonfast- 
ing, supine... . 
Exercise......... 

55 to 75 seconds 

after exercise. 


TABLE 6.—V enous and Pleural Pressures 


J. M. (dyspneic) A. C. (anoxemic) 
— = 


* Venous Intrapleural Venous 
Pressure, Pressure, Pressure, 
Condition Date Mm. Water Cm. Water Mm. Water 


Quiet breathing 7/31/33 
Deep inspiration.. we 
Inspiration held.. 


Quiet breathing 


Expiration held 


Quiet breathing........... 
Hyperventilation 
Valsalva experiment 


Rest 
Exercise 1 minute 
30 seconds later. 
4 minutes later 
9 minutes later..:........ 
12 minutes later 


| 
a 
as 20 1 
9/1 
standing...... -. 48.0 86.5 7.44 19.9 49.3 20.9 
1 
75 to 95 seconds 
A. C. 10/20 
1 
11/24 2 
H.B 
40 0,— 8 11/2 40 
43 —10 40 
47 
Deep expiration........... 35 +4 50 
7/26 11/2 40 
55 45 
64 60+ 
8/25 73 
110 
76 
61 
73 


5 
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pulse rate was slightly high when the subjects were at rest but showed 
only moderate increase immediately after exercise and a rapid return 
to the resting level. In the early exercise experiments on the dyspneic 
subject the volume of the pulse (radial) determined by palpation was 
small immediately after exhausting (fast) exercise. 


COM MENT 


In a patient with normal circulation of the blood and a normal cen- 
tral nervous system the hydrogen ion concentration of the respiratory 
center is presumably dependent in part on the gases of the blood and 
on other acid-base relations in the arterial blood. For our three subjects 
these data are listed in table 5. 

It will be noted that the exercise was not of exactly the same degree 
in all cases. The experiments with the dyspneic subject were done at a 
time when twenty or twenty-five steps a minute was the maximum that 
he could accomplish on account of extreme respiratory distress. Thus 
quantitative comparisons between the behavior of the three subjects 
cannot be made. Certain deductions, however, can be drawn. We 
assume that change in the value for carbon dioxide in the blood at a 
tension of 40 mm. (i.e., in the level of the dissociation curve) was 
due primarily to the accumulation of lactic or other acid. 

In brief, the data in table 5 show that the dyspnea which occurred 
with exercise in the first of the three subjects was associated with no 
oxygen unsaturation of the arterial blood and with only small changes 
in acidity and carbon dioxide tension of the blood, these changes being 
less than those which occurred after similar exercise in a patient (anox- 
emic) who was scarcely rendered dyspneic. 

From the point of view of respiratory function, the studies of arte- 
rial blood in our dyspneic subject demonstrate clearly that aeration 
of blood in the lungs—the provision of sufficient breathing surface— 
was accomplished in a nearly normal manner. Furthermore, in effi- 
ciency of ventilation, this subject showed relatively little abnormality, 
as is illustrated in table 4; in the slow exercise experiments, the con- 
centrations of carbon dioxide eliminated in the expired air and of oxy- 
gen absorbed were nearly the same in the dyspneic subject as in the 
normal. In fast exercise, the concentrations were less but were much 
higher than those in the anoxemic subject (table 3). 

Disturbances in the mechanics of the circulation have been proposed 
as factors causing dyspnea in cardiac and pulmonary disease. Such are 
slowing of the cerebral circulation (Knipping **) and reflexes arising 
from elevated venous pressure (Harrison et al.'?). 

In view, however, of the normal responses of arterial and venous 
pressure in the dyspneic subject, the absence of accumulation of acid 


i 
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in the blood, the increase in vital capacity after exercise and the brief 
duration of dyspnea after exercise had stopped, it seems unlikely that 
circulatory insufficiency was an important factor in the production of 
his dyspnea. Similarly, the normal vascular responses and the nearly 
normal amounts of the gases of the blood make it unlikely that stimu- 
lation of the carotid sinus plays a significant part in the abnormal pul- 
monary behavior in this subject (Heymans *’). 

Considered anatomically, the chest of the dyspneic subject was of 
the asthenic type, flat anteriorly (angle of Louis absent), with the upper 
part of the chest permanently elevated. There was kyphosis of the 
four upper dorsal vertebrae ; the ribs were more horizontal than normal ; 
the intercostal spaces were wide. Both diaphragms were at the same 


Fig. 2.—Roentgenograms of the chest (anteroposterior views) of the dyspneic 
subject, taken (A) in deep inspiration and (B) in deep expiration. 


level, low, and on lateral fluoroscopic view were seen to be flattened. 
Roentgenograms of the lungs taken at the end of expiration showed a 
marked increase in density in the lower parts of the lungs as compared 
with the density shown in films taken in inspiration (fig. 2). 

The outstanding characteristic respiratory movement, noticeable even 
during quiet breathing, was of the upper costal type described by 
Keith,” in its pathologically exaggerated form. During inspiration the 


19. Heymans, C.; Bouckaert, J. J., and Regniers, P.: Le sinus carotidien et 
la zone homologue cardio-aortique: Physiologie, pharmacologie, pathologie, cli- 
nique, Paris, Gaston Doin & Cie, 1933. 

20. Keith, A., in Hill, L. E.: Further Advances in Physiology, London, Edward 
Arnold & Co., 1909. 
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sternocleidomastoid and the scalene muscles were markedly contracted, 
the shoulders moved upward and the depth of the suprasternal and 
subclavicular and supraclavicular fossae increased. The entire chest 
moved upward with no lateral expansion of the lower ribs. When the 
subject was in the supine as well as in the upright position, the abdomen 
was protruding. During expiration both sternocleidomastoid and scalene 
muscles remained hypertonically contracted, even while the entire 
anterior part of the chest moved downward (fig. 1). In the patient’s 
normal quiet respiration the diaphragm appeared tense; it flattened 
slightly during inspiration, its excursion at the most reaching 0.5 cm. 
The contraction of the upper respiratory muscles which are attached 


Fig. 3.—Tracing on the fast moving drum of quiet respiration and of the vital 
capacity of the dyspneic subject. The experiment was made on Sept. 6, 1933 


around the six upper ribs, preceded any visible contraction of the dia- 
phragm, the latter occupying only the latter part of the inspiratory 
cycle. Thus not only was there a predominance of the upper costal 
respiration, but what remained of the costodiaphragmatic respiration 
failed to synchronize with it. 

In voluntary deep breathing, on the other hand, the excursion of 
the diaphragm reached from 4 to 5 cm. (fig. 2) and was continuous 
from complete inspiration to expiration. There was still, however, a 
persistence of the upper costal type of breathing. 

As illustrated in figure 3 and in tables 3 and 4, measurements of 
quiet breathing of the dyspneic subject showed: increased ventilation, 
rapid rate, small depth, variable midposition and, especially noteworthy, 
an increase of the time required for the inspiratory phase. This suggests 
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the type of breathing observed in obstruction of the air passages (Hess, 
Anthony) and is also like the respiration in patients with functional 
emphysema in attack-free periods described by Storm van Leeuwen, 
van Niekerk and Weltz.'® 

Measurements of the volume of the lungs at rest showed a decrease 
in reserve and complemental air and a relative increase in residual air 
in both dyspneic and anoxemic subjects (table 1). On spirographic 
tracings (not shown in the figures) it was found that there was little 
difference in the volume of reserve air, whether the expiratory act 
started from the full inspiratory or from the normal expiratory position 
(Christie 

Tracings of the pleural pressure synchronizing with a tracing of 
respiration (Christie) were not taken, but the data at our disposal on 
the dyspneic subject are sufficient to permit the drawing of some infer- 
ences as to the mechanical condition prevailing in the lung (table 6). 
The pleural pressure was higher than normal but was lower than that 
in persons with advanced emphysema. On quiet respiration it oscillated 
from —8& to 0; between deep inspiration and deep expiration, the 
difference in pressure averaged 14 cm. The level in quiet respiration 
was somewhat variable. When the breath was held after a deep inspi- 
ration, the pleural pressure increased only slightly from the maximum 
negative level. The evidence thus suggests that the elasticity of the 
lung tissue as a whole was moderately but not greatly impaired. 

Summarizing the observations of the behavior of the dyspneic sub- 
ject in the resting state, one may say that there is evidence of moderate 
loss of pulmonary elasticity, that normal quiet breathing was a hyper- 
ventilation almost wholly of the upper costal type, with evidence of 
some mechanical resistance to both inspiration and expiration, and that 
only in voluntary deep breathing were the muscles of the costodiaphrag- 
matic group brought fully into play. 

In untrained subjects there are likely to be irregularities in respira- 
tion at the beginning of exercise. These are well illustrated by figure 5, 
a tracing of the respiration of our normal control subject during rest, 
exercise and recovery. Although there was a striking constancy in the 
speed per unit of ventilating volume at which each respiration took 
place, his breathing showed much irregularity in rate and in the ampli- 
tude of individual respirations. 

The breathing of the anoxemic subject (fig. 4, lower curve), on 
the other hand, showed during exercise only a sharp increase in rate, 
with relatively little alteration in amplitude. Each respiration was rapid 


21. Christie, R..V.: The Elastic Properties of the Emphysematous Lung and 
Their Clinical Significance, J. Clin. Investigation 13:295, 1934. 
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and was apparently accomplished without difficulty. Correspondingly, 
the exercise itself was performed with almost no dyspnea. 

The type of breathing shown by the dyspneic subject during exercise 
is best illustrated by the upper tracing of figure 4, obtained during the 
patient’s first few weeks in the hospital, and by the data in table 3. 
There are several distinctive features of this Subject’s breathing as 
shown by the spirographic tracings: 1. Most respirations during exer- 


Fig. 4—Tracings of respiration taken during one minute of fast exercise for 


the dyspneic subject above, experiment of Sept. 9, 1933, and for the anoxemic 
subject below, experiment of Oct. 25, 1933. 


cise, both the shallow and the deep ones, were greatly retarded through- 
out inspiration and expiration, suggesting an increased resistance to 
breathing. 2. There occurred now and then respirations of considerable 
amplitude (figs. 4,6 and 7), which were accomplished rapidly. 3. The 
amplitude of many respirations was large, suggesting the use of both 
the upper costal and the costodiaphragmatic musculature. 

As a result of the retardation in respiration, the total pulmonary 
ventilation did not increase appreciably during the first minute of exer- 
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cise. In fact, there was actually a decrease at times from the resting 
level (table 3). In spite of this, aeration of the blood was nearly 
adequate (table 5). This was probably due to the large breathing sur- 
face available in the deep respirations, even though the latter were slow. 

Subjectively, at the end of the minute of “fast” exercise, there 
developed an insupportable sense of distress and exhaustion, referred 
chiefly to the upper sternal region, which required cessation of the 
exercise. 

Equally striking were the changes that occurred in the dyspneic 
subject immediately after exercise had stopped (fig. 6, table 3). The 


Fig. 5.—Tracings of the respiration of the normal subject showing successively 
respiration during rest, during a part of the first minute of exercise and during 
a part of the first minute of recovery (experiment of Oct. 19, 1933). A indicates 
the beginning of the exercise. 


speed of the individual respiration increased immediately and to a 
marked degree, and respiration became rapid, regular and of average 
amplitude, so that the total pulmonary ventilation increased greatly. 
Moreover, fluoroscopic examination at that time showed an increase of 
diaphragmatic excursion and a normal synchronization of the respira- 
tory contraction of this muscle and of the muscles of the upper part 
of the chest. The vital capacity was increased as compared with the 
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value obtained during resting before exercise. Subjectively, the sense 
of dyspnea disappeared rapidly, in less than two minutes. 

During slow exercise (fig. 7, table 4) the same phenomena were 
present at the beginning of exercise and during recovery. From the 
second to the end of the fourth minute, when exercise was proceeding 
in a nearly steady state, the respirations became regular and were of 
large amplitude. Each respiration was still retarded, but this effect 
became progressively less as exercise continued, so that the transition 
from exercise to recovery was not so marked as that after fast exercise, 
and the general behavior was more like that of the normal subject. 

After injections of epinephrine hydrochloride (1 mg.) sufficient 
to raise the blood pressure 20 mm., or of atropine sulfate (1 mg.) suffi- 
cient to produce marked dryness of the mouth, fast and slow exercise 
experiments were carried out with the dyspneic subject. In all these the 


Fig. 6—Tracing of the respiration of the dyspneic subject during one minute 
of exercise and the first part of recovery, fifteen minutes after the injection of 
1 mg. of atropine sulfate. The irregularly curved line at the end of one minute 
of exercise is an artefact due to the movement of the recording device just as the 
exercise stopped. The experiment was made on Oct. 13, 1933. 


results were essentially the same as those obtained when no drug had 
been given. Figure 6 shows a tracing made during fast exercise and 
recovery after the administration of atropine; figure 7, a tracing made 
during slow exercise and recovery after the administration of 
epinephrine. 

In attempting to analyze the factors producing dyspnea in this 
patient, we start with the knowledge that he had moderately severe 
pulmonary fibrosis, producing emphysema in at least part of the lung 
fields and some loss of elasticity through the lungs generally. ‘There may 
have been some obstruction of the air passages, though there was no 
definite evidence of this. 

' The difficulty of explaining the phenomena of respiration during 
exercise and recovery on the basis of either obstruction of air passages 
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or loss of pulmonary elasticity lies essentially in the abruptness with 
which, immediately after exercise had ceased, the respirations became 
rapid and even, using both the upper costal and the costodiaphragmatic 
muscles, especially when these were accomplished by the patient easily 
and without distress. It seems unlikely that the smooth muscle of lung 
or bronchial tissue would relax so quickly. The absence of effect of 
bronchodilator drugs on this whole respiratory pattern is also significant. 

Even if one did suppose a sudden bronchial relaxation at the moment 
exercise stopped, one would still have the difficulty of explaining the 
not infrequent occasions, during the midst of exercise, when there 
occurred a single rapid and easy respiration (figs. 4,6 and 7). These 


| 
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Fig. 7—Tracings of the respiration of the dyspneic subject taken after an injec- 
tion of 1 mg. of epinephrine hydrochloride. The tracing shows successively (1) 
respiration during rest, (2) during the first minute of slow exercise, the exercise 
tracing beginning at 4, (3) during part of the third minute of exercise, (4) dur- 
ing part of the first minute of recovery and (5) during part of the second minute 
of recovery. The experiment was made on Oct. 5, 1933. 


are the changes which one commonly sees in the activity of striated 
muscle. 

The most reasonable explanation, in our opinion, is that the hyper- 
tonic state of the thoracic and diaphragmatic muscles themselves was 
a major factor restricting easy ventilation of the lungs in this case. 
Only in this way can we account for the rapidity of change of ven- 
tilatory function which we observed. There thus appears to have been, 
in the dyspneic subject, a factor of hypertonicity of the muscles of 
breathing, restricting costodiaphragmatic respiration at rest and retard- 
ing the whole respiratory act during exercise but to a great extent 
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released during the period of recovery. This explanation is all the 
more likely since we know, from observation of the patient (fig. 1) 
and from fluoroscopic study, that spasm of the respiratory muscles was 
definitely present. 

The sensation of dyspnea, or distress, associated with the act of 
breathing is presumably conveyed by proprioceptive impulses received 
from the moving framework of the chest and from the pulmonary tis- 
sues. The present study adds evidence to a more general concept that 
dyspnea is a sensation appearing whenever the mechanical apparatus 
for respiration is unable to provide easily the ventilation required by 
the person’s immediate metabolic state but that dyspnea is essentially 
unrelated to the metabolic state as such. 

We cannot, of course, be certain that the peculiar respiratory beha- 
vior observed in the dyspneic subject is connected with the pathologic 
condition in his lungs; but it seems highly probable that the hypertonic 
muscular state is conditioned by and dependent on the fibrosis and loss 
of elasticity in the lungs, through reflex mechanisms. How much the 
tonus and state of activity of the other bodily musculature during the 
stepping exercise have to do with the hypertonus of the breathing mus- 
cles can hardly be deduced from these limited observations. 

The influence of a spastic state of the muscles, especially that of 
the diaphragm, in clinical dyspnea, has been recognized before, par- 
ticularly in connection with corrective breathing exercises for asthmatic 
patients, such as those of Hofbauer *? and Saenger.** These authors 
have emphasized, however, the effects on breathing of altered positions 
of the chest and of forms of movement, rather than the actual increased 
effort inherent in the ventilating movements performed with spastic 
muscles. Presumably the resistance to breathing in our subject was 
due primarily to failure of relaxation of antagonistic groups of muscles 
during any given movement, but there may have been other mechanisms. 

The question may well be asked whether this whole dyspneic 
response was not a functional one or even actually a form of neurosis. 
Long continued observation of the patient made the latter seem highly 
unlikely ; but even if it were true, it would be of secondary importance. 
Our observations have, we believe, provided an explanation of the imme- 
diate mechanism which rendered the patient’s respiration difficult and 
subjectively distressing ; it makes little difference for our present pur- 
pose what the psychologic background may have been. 


22. Hofbauer, L.: Pathologische Physiologie der Atmung, in Bethe, A.; von 
Bergmann, G.; Embden, G., and Ellinger, A.: Handbuch der normalen und 
pathologischen Physiologie, Berlin, Julius Springer, 1925, vol. 2, p. 337. 


23. Saenger, M.: Ueber Asthma und seine Behandlung, Berlin, S. Karger, 
1910. 


1026 ARCHIVES OF INTERNAL MEDICINE 


The effect of repeated exercises on abnormal muscular states relates 
them immediately to the phenomenon of muscular training. The respi- 
ratory act is to be considered as a part of all training in general bodily 
exertion, the attainment of a given exchange of gases at adequate ten- 
sions with a minimum of respiratory effort. In this sense the case of 
our dyspneic subject may be considered as an example of pathologically 
subnormal training in respiratory behavior. A further evidence for 
this point of view is the rather remarkable improvement that occurred 
in the dyspneic subject’s respiratory function as well as in his tolerance 
of exercise during the course of several months of exercise experiments. 
The form of respiratory tracing at the end of that time was practically 
the same as that for the normal subject (fig. 5). 

There is no reason to suppose that a spastic muscular state is regu- 
larly of primary importance in the dyspnea associated with pulmonary 
fibrosis. On the other hand, it is likely that there are numerous phases 
of pulmonary insufficiency of various kinds in which such a state plays 
an important part. The disturbance in the case we have described is 
analogous to several clinical conditions or groups of conditions that have 
been reported recently, such as the hypertonicity of the diaphragm 
studied by Patzold ** in cases of artificial pneumothorax in asthenic 
persons or the muscular fixation of the chest in persons with asthma 
described by Klewitz.2* The two patients of Ruettgers °° who had 
subjective dyspnea in spite of a good efficiency coefficient may also have 
had a malady similar to that of our dyspneic subject. The “functional 
emphysema” of Storm van Leeuwen, van Niekerk and Weltz '° presents 
many similarities. 

SUMMARY 

The purpose of this paper has been to show that in one particular 
form of pulmonary fibrosis, dyspnea during mild exertion was appar- 
ently due in large part to a hypertonic state of the respiratory muscles 
and to a disturbance of the normal synergic relations between various 
groups of them. If our deductions are correct, this disturbance of 
action of the muscles of respiration takes its place among the numerous 
other factors which contribute to the causation of dyspnea and adds 
further to the general concept of dyspnea as a subjective sensation 
brought on whenever the mechanical apparatus for respiration is unable 
to provide easily the pulmonary ventilation required by the person’s 
immediate physicochemical and metabolic state. 


24. Patzold, A.: Die Gestaltung der Atemékonomie unter Pneumothoraxbe- 
handlung, Ztschr. f. Tuberk. 69:172, 1933. 

25. Klewitz, Felix: Das Bronchialasthma, in Grote, L. R.; Fromme, A., and 
Warnekros, K.: Medizinische Praxis, Dresden, Theodor Steinkopff, 1928, vol. 3. 

26. Ruettgers, I.: Untersuchungen iiber die ArbeitsGkonomie bei Lungentuber- 
kuldsen, Beitr. z. Klin. d. Tuberk. 78:197, 1931. 


DAILY VARIATION OF SUGAR CONTENT OF 
BLOOD AND URINE DURING TREATMENT 
OF DIABETES MELLITUS 


FLOYD L. ROGERS, M.D. 
LINCOLN, NEB. 


It is not unsual to observe that a diabetic patient excretes large 
amounts of sugar before breakfast whereas the urine is sugar-free or 
nearly so during the remainder of the day. It is well known that 
reactions to insulin are more common during the afternoon or evening 
than at other times of the day, provided the amounts of insulin taken 
before meals are similar. In order to keep diabetic patients sugar-free, 
particularly the ones with severe diabetes, it is often necessary to give 
more insulin in the morning than at noon or at night. 

The curves for the blood sugar and the sugar excreted following the 
dextrose test meal suggest the use of insulin before each meal and 
lead one to expect similar results from like amounts of insulin regard- 
less of time of day. The previously mentioned observations indicate 
that this expectation is not uniformly met. Apparently the postpran- 
dial rise in the blood sugar level is not uniform after the three meals 
of the day. If it were, insulin would be no more likely to cause reac- 
tions in the afternoon than in the morning, and more insulin would 
not be needed to control the metabolism of sugar during the morning 
than during the afternoon. The postprandial rise in the blood sugar 
level does not explain the excretion of larger amounts of sugar before 
the morning meal. Apparently there is some daily variation in the 
metabolism of sugar, as suggested by Mollerstr6m,' who called atten- 
tion to a periodicity in the metabolism of carbohydrate, emphasizing 
the work of Forsgren, who held that the liver functions alternately in 
the storage of glycogen and the secretion of bile. Sprague and New- 
son? recently reported a case in which there was marked daily varia- 
tion in the amount of blood sugar, which was controlled by administer- 
ing the morning dose of insulin at an early hour. 

With the question of the daily variation in the sugar content of 
the blood and in the amount of excreted sugar in mind, I have studied 
during the past three years twenty-four patients with diabetes. These 


1. Mollerstrém, J.: Periodicity of Carbohydrate Metabolism and Rhythmic 
Functioning of the Liver, Arch. Int. Med. 52:649 (Nov.) 1933. 

2. Sprague, P. H., and Newson, D. A.: Study of Twenty-Four Hour Blood 
Sugar Curve in Diabetic Patients, Canad. M. A. J. 31:609 (Dec.) 1934. 
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patients were definitely diabetic with various degrees of severity and 
were of various ages. For the most part they were free from compli- 
cations or associated diseases. The study was carried out in the fol- 
lowing manner : 


The patients were hospitalized without restricting their activity. They were 
placed on a weighed adequate diet. As a rule the carbohydrate exceeded the fat by 
one-fourth, measured in grams. Insulin, when indicated, was given fifteen minutes 
before meals in amounts estimated to render the patient nearly sugar-free. This 
treatment was maintained for a number of days to establish stability. Then the 
blood sugar content was determined every four hours and also the amount of 
sugar excreted during the four hours. The tests were made at the four hour 
intervals throughout the twenty-four hours of the day. The patients were studied 
in this manner for from two to twelve days. Folin’s method was used in deter- 
minations of the sugar in the blood and the sugar in the urine was measured by 
Benedict’s method. 

Approximately half of the patients showed a definite daily variability in the 
amount of blood sugar and in the amount of sugar excreted. This consisted in 
an increase of both, starting soon after midnight and lasting until near noon. 
Lower levels were found during the afternoon and the early part of the night. In 
those cases in which marked variability was shown a change was made in the 
timing of the doses of insulin. This proved very effective in controlling both 
hyperglycemia and glycosuria otherwise difficult to control 

The cases noted in the following paragraphs and the accompanying charts are 
typical. 
REPORT OF CASES 


Case 1.—A girl, L. B., 12 years of age, had had diabetes for five years. During 
the previous year she had had many reactions to insulin and twice had been 
in diabetic coma. Chart 1 shows that on doses of 50, 15 and 17 units of insulin 
given fifteen minutes before meals the blood sugar content varied daily from 
100 to 400 mg. and the amount of excreted sugar during the four hour periods 
from none to 30 Gm. On the fourth day the 50 unit dose of insulin was given 
at 4 instead of at 7:45 a. m., or four hours instead of fifteen minutes before 
breakfast. This was in anticipation of the peak at 8 o’clock. No change in the 
time of administering the other doses of insulin was made as the curve indicated 
satisfactory control by these doses. In chart 1 the blood sugar curve and the 
shaded columns showing the amount of sugar excreted indicate a more constant 
control following the change. This method of administering insulin has been 
continued, and in the fourteen months of observation since this study the patient 
has shown remarkable improvement. 

Case 2——A man, W. C., 54 years of age, had had diabetes for seven years 
and had taken insulin for two years. He had no complaints except that he almost 
constantly had sugar in the urine. Chart 2 shows no definite daily variation in 
the blood sugar or in the sugar excreted. Observation following this study shows 
that after the insulin was increased from two daily doses of 15 and 5 units to 
three doses of 20, 5 and 10 units, his blood and urine became constantly sugar-free. 

Case 3.—A boy, G. M., 10 years of age, had had severe diabetes for three 
years. He had taken insulin during the three years and had had many reactions, 
often had sugar in the urine and twice had been in coma. Chart 3 shows 
a daily variation similar to that in chart 1. Following a change in the time 
of administering insulin, which was similar to the change indicated in chart 1, 
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Chart 1 (case 1).—The curves show that when the patient receives doses of 
50, 15 and 17 units of insulin taken fifteen minutes before meals the blood sugar 
varied daily from 400 to 100 mg. and the sugar excreted during the four hour 
periods from 30 Gm. to none, and that more satisfactory results were obtained 
on administering the insulin four hours before breakfast. In this and the succeeding 
charts the solid black columns represent the doses of insulin; the shaded columns, 
the dextrose in the urine, and the black line, the blood sugar. 


i 


Chart 2 (case 2)—The curves show no definite daily variation in the blood 
sugar or in the sugar excreted. 
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Chart 3 (case 3)—The curves show a daily variation similar to that seen in 
chart 1. 
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there was one instead of two high blood sugar readings during the day, and the 
excretion of sugar decreased. The adjustment in the timing of the doses of insulin 
has not been sufficient to control the variability. 

Chart 4 shows the blood sugar and urinary sugar of the same patient one year 
later. The patient had not followed directions well during the year; the diabetes 
evidently was more severe, and larger amounts of insulin were being given. The 
chart shows that until the first change in the administration of insulin, which was 
made on the third day, the blood and urinary sugar were characterized by a daily 
variation similar to that in the previous study. Until noon of the third day he 
was given insulin fifteen minutes before meals in doses of 40, 20 and 30 units. 
He was given no insulin at noon or at night on the third day and was given 70 
units at 2 a. m. the following morning. I wished to know if one dose given in 
anticipation of the morning peak would control the condition throughout the day. 
The chart shows a sharp rise in the blood sugar level to 420 mg. and as much 
as 32 Gm. of sugar in the urine during the four hour period in the evening 
when insulin was omitted. The 70 unit dose caused a fall in the blood sugar in 


Chart 4 (case 3).—Curves made one year after those shown in chart 3. 


the morning to 50 mg. and a sharp reaction. Evidently a single dose would not 
control the condition of this patient throughout the day. The second change in 
the administration of insulin was to give 40, 20 and 30 units, or the same amounts 
as given during the first two days, with the first dose at 2 a. m. to anticipate the 
peak, This resulted in more constant control of the blood sugar content and of 
the amount of sugar excreted. A needed increase in diet on the seventh day 
resulted in an increase in the blood sugar content during the seventh and eighth 
evenings. An increase of the evening dose of insulin from 30 to 40 units resulted 
in maintenance of control of the blood sugar and of the sugar excreted. 


SUMMARY 


A study of twenty-four cases of diabetes mellitus with regard to a 
daily quantitative variation in sugar content of the blood and in the 
amount of sugar excreted showed such a variation in sixteen cases. 
In nine cases the variation was slight; in seven it was marked enough 
to interfere with satisfactory treatment when the injections of insulin 
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were given before meals. The variation consisted in an early morning 
rise in the blood sugar content, a parallel rise in the amount of sugar 
excreted and an afternoon fall in both. Meals did not seem to affect 
the curves. As a rule the variation was found in young patients with 
severe diabetes, while older patients with milder forms of the disease 
often failed to show it. 

The administration of insulin in anticipation of the early morning 
rise has resulted in more satisfactory control than could be obtained 
otherwise, but there was no evidence that the total requirement of 
insulin could be reduced by this method of administration, as stressed 
by Mollerstrém. A single dose of insulin given in anticipation of the 
peak failed to control the condition adequately throughout the twenty- 
four hours. 

One patient showing the variation was restudied after a year, and 
similar variability was found, indicating permanence. 

A single estimation of blood sugar, regardless of the time of day, 
gives incomplete information and may be misleading. 

Accurate establishment of the existence of a definite and constant 
early morning rise in the blood sugar level should always precede the 
giving of large doses of insulin in the early morning. 


PRESENCE IN NORMAL HUMAN URINE OF 
RETICULOCYTE-STIMULATING PRINCIPLE 
FOR THE PIGEON 


G. E. WAKERLIN, M.D. 
AND 

H. D. BRUNER, M.D. 
LOUISVILLE, KY. 


Recent experimental work on the etiology of pernicious anemia 
points to the formation in normal persons of an erythrogenic principle 
by the interaction of gastric juice and certain dietary constituents, sub- 
sequent absorption of the principle and storage in the liver. This 
process is well known to be grossly deficient in persons with pernicious 
anemia. In normal persons it appears that a sufficient concentration 
of this hematogenic principle is maintained in the blood stream to 
effect the normal maturation of the red blood cells in the bone marrow. 
The logic of examining urine for the presence of the hematogenic 
principle is therefore apparent. Moreover, renal tissue has already been 
shown to contain an appreciable amount of the principle acting against 
pernicious anemia.? This report deals with preliminary observations 
relative to the presence in normal human urine of a substance which is 
perhaps identical with the hematogenic or antianemia principle present 
in the liver. 


From the Department of Physiology and Pharmacology, University of Louis- 
ville School of Medicine. 

This research was aided by a grant from the Committee on Therapeutic 
Research of the American Medical Association. 

1. (@) Castle, W. B.: Observations on the Etiologic Relationship of Achylia 
Gastrica to Pernicious Anemia, Am. J. M. Sc. 178:748, 1929. (b) Ivy, A. C.; 
Richter, O., and Kim, M. S.: Some Experiments Bearing on the Etiology of 
Pernicious Anemia, Am. J. Physiol. 101:59, 1932. (c) Wilkinson, J. F., and 
Klein, L.: The Relationship Between the Anti-Anaemic Principles in Stomach 
and Liver, Lancet 2:629, 1933. (d) Singer, C.: The Theoretical and Practical 
Importance of the Depot Effect of the Antiperniciosa Principle, Wien. klin. Wchn- 
schr. 46:619, 1933. (e) Isaacs, R., and Goldhamer, S. M.: Role of Decreased 
Amount of Gastric Secretion in Production of Pernicious Anemia, Proc. Soc. 
Exper. Biol. & Med. 31:706, 1934. (f) Bence, J.: Role of Stomach and Liver in 
Pathology of Pernicious Anemia, Ztschr. f. klin. Med. 126:127, 1933. (g) Wilkin- 
son, J. F., and Klein, L.: Hematopoietic Activity of the Normal and Abnormal 
Human Liver with Especial Reference to Pernicious Anemia, Quart. J. Med. 3: 
341, 1934. (h) Goodman, L.; Geiger, A. J., and Claiborn, L. N.: Anti-Anemia 
Potency of Liver After Gastrectomy in Swine, Proc. Soc. Exper. Biol. & Med. 32: 
810, 1935. 

2. McCann, W. S.: Effect of Kidney on Blood Regeneration in Pernicious 
Anemia, Proc. Soc. Exper. Biol. & Med. 25:255, 1928. 
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METHOD 


The procedure employed for studying the possible presence of the 
erythrogenic principle in human urine was basically the pigeon method 
already reported on by Vaughan, Muller and Zetzel,® as well as others.‘ 
The objections to this method ® we have largely obviated by certain 
modifications, which will be published in detail shortly. 

Suffice it to say here that staining with brilliant cresyl blue by the wet 
smear technic shows the cytoplasm of practically all (from 97 to 99 per 
cent) of the red blood cells of the pigeon to contain reticular material 
varying from one granule to a fairly complete filling of the cytoplasm. 
The red blood cells of the pigeon were therefore divided into three 
groups: (1) nonreticulated and slightly reticulated cells, (2) moderately 
reticulated cells and (3) heavily reticulated cells. Although there are 
no sharp lines of demarcation between these groups, a little practice 
enables one to make a satisfactory separation. All the counts on any 
one bird were, of course, made by one person, although numerous dupli- 
cate counts by both of us showed close agreement. For the purposes 
of this report, the cells of groups 2 and 3 are combined and arbitrarily 
called reticulocytes and those of group 1 are considered nonreticulocytes. 


Daily reticulocyte counts were made on twenty-four untreated, grain-fed 
pigeons weighing from 350 to 500 Gm. each, for eight weeks. The maximum 
reticulocyte counts of the birds during the period specified were as follows: nine- 
teen pigeons, 15 per cent or less; one pigeon, 17 per cent; two pigeons, 18 per 
cent; one pigeon, 20 per cent, and one pigeon, 27 per cent. Only one of the 
birds of this control series, therefore, showed a spontaneous rise in the per- 
centage of reticulocytes, the count increasing to more than 20 per cent during 
the eight week period. These observations are summarized in table 1. The mini- 
mum reticulocyte counts for these control pigeons were as follows: nineteen 
pigeons, 7 per cent or more; three pigeons, 6 per cent, and two pigeons, 5 per 
cent. 


3. Vaughan, J. M.; Muller, G. L., and Zetzel, L.: The Response of Grain- 
Fed Pigeons to Substances Effective in Pernicious Anemia, Brit. J. Exper. Path. 
11:456, 1930. 


4. (a) Muller, G. L.: The Influence of Liver Extract and Acute Infection 
on Reticulocytes and Bone Marrow of Pigeons, Proc. Soc. Exper. Biol. & Med. 
29:151, 1931. (b) Edmunds, C. W., and Brueckner, H. H.: Some Laboratory 
Experiments with Liver Extracts, J. Pharmacol. & Exper. Therap. 45:258, 1932. 
(c) Edmunds, C. W.; Brueckner, H. H., and Fritzell, A. I.: On a Laboratory 
Test for Liver Extracts, J. Am. Pharm. A. 22:91, 1933. (d) Peabody, W. A., 
and Neale, R. C.: The Pigeon as a Hematopoietic Test Animal, ibid. 22:1231, 
1933. 

5. Wills, L.: Spontaneous Fluctuations in the Reticulocyte Count in Pigeon’s 
Blood, Brit. J. Exper. Path. 18:172, 1932. Heimann, H.; Connery, J. E., and 
Goldwater, L. J.: Lack of Effect of Liver Treatment on the Circulating Reticulo- 
cytes in the Pigeon, Am. J. M. Sc. 188:343, 1934. 


1033 


1034 ARCHIVES OF INTERNAL MEDICINE 


Like other workers, we found that the intramuscular administration of a potent 
liver extract for parenteral administration ® (3 cc. equivalent to 100 Gm. of liver) 
in doses of 0.05, 0.1, 0.2, 0.3, and 0.6 cc. daily for five days to ten pigeons 
(two birds receiving each amount) caused a significant increase in the percentage 
of reticulocytes, the count increasing to more than 20 per cent, in the six birds 
receiving the 0.2, 0.3 and 0.6 cc. doses. The maximal significant increase in 
the percentage of reticulocytes in the latter occurred on the average eleven days 
after the first injection, the extremes being eight and seventeen days. The results 
obtained with this liver extract are summarized in table 2. These results, as 
well as others obtained with two additional liver preparations for parenteral 
administration? indicate that in sufficient dosage administration to pigeons of the 
hematogenic principle present in the liver causes an increase of the percentage of 


TaBLeE 1—Maximum Reticulocyte Counts of Twenty-Four Untreated Pigeons 
During an Eight Week Period of Observation * 


Maximum Percentage Number of Maximum Percentage Number of 
of Reticulocytes Pi of Reticulocytes Pigeons 


1 


* Daily counts were made. 


TasBLe 2.—The Effect of Parenteral Liver Extract on the Reticulocyte Counts 
of Ten Pigeons 


Dose in Ce. per Pigeon Injected Intramuscularly for Five Successive Days 
“0.05 0.1 0.2 0.3 0.6 
A A. A 


+ + + + + 
(16%) (15%) (17%) (14%) (22%) (23%) (21%) (27%) (29%) (30%) 


+ denotes an increase in reticulocytes to a significant level; viz., more than 20 per cent, 
after injections; .. denotes no increase in reticulocytes to a significant level. The maximum 
percentage of reticulocytes for each pigeon after the injections is given in parenthesis. 


reticulocytes to more than 20 in all birds, whereas only approximately 4 per cent 
of untreated pigeons show a spontaneous increase of the reticulocyte count to 
more than 20 per cent in a corresponding period. The chart shows the daily 
reticulocyte counts of one of the two pigeons which received the 0.6 cc. doses 
of liver extract and the counts of a typical control bird. 

To test for the possible presence of the erythrogenic principle in human urine, 
sterile morning specimens were obtained from six normal persons (three men and 
three women) ranging in age from 20 to 35 years. Eight pigeons were used for 
the .urine of each subject. Four of the birds received intramuscular injections of 
0.1, 0.5, 1.0, and 1.5 cc. of unheated urine per hundred grams of body weight, 


6. This preparation was supplied by Dr. Guy W. Clark of the Lederle 
Laboratories, Pearl River, N. Y. 

7. These preparations were supplied by the Abbott Laboratories, North 
Chicago, Ill., and Dr. J. D. Ralston, of Parke, Davis & Co., Detroit, Mich. 
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respectively, for five successive days. The other four birds received corre- 
sponding amounts of urine prevously heated to 100 C. for two hours. The 
urine from the second and from the third man (table 3) was heated and sub- 
jected to free access of air; the urine from the other four persons was heated 
without free access of air. Daily reticulocyte counts were made for two weeks 
before the injections and for six weeks after the first injection. 


RESULTS 


The unheated urine from the three men produced an increase in 
reticulocytes to more than 20 per cent in nine of the twelve birds which 
received injections (table 3). In tests with the urine of the first man 
the significant increase was evident with all four doses; in tests with 


Effect of parenteral liver extract on the reticulocyte count of pigeons. Counts 
were made daily. The figures on the horizontal axis indicate the time in days; 
those on the vertical axis, the percentage of reticulocytes. The solid line represents 
the counts for the pigeon receiving liver extract, the broken line, the counts for 
the untreated pigeon. The arrows indicate intramuscular injections of 0.6 cc. 
of liver extract prepared for parenteral administration. 


the urine of the second man it was evident with the three largest doses, 
and in tests with the urine of the third man it was evident with the 
two largest doses. Moreover, as is apparent from table 3, the remaining 
three birds gave what may, in the light of the observations on the 
control pigeons (table 1), be interpreted as a partial response, although 
on the basis of the established critical reticulocyte level of 20 per cent, 
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the results in these birds are considered as negative. There was no 
increase to more than 20 per cent in the twelve pigeons which received 
injections of the heated urine of the three men. However, the results 
with the urine from the first man indicate that its reticulocyte- 
stimulating activity was not completely destroyed by the heat treatment. 
The urine of the second and of the third man, which was subjected 
to heat treatment with free access of air, however, showed no reticulo- 
cyte-stimulating activity in the doses employed (table 3). 

The unheated urine from the three women produced a significant 
increase, namely to more than 20 per cent, in the number of reticulo- 
cytes of eight of the twelve birds which received injections (table 3). 


TaBLe 3.—The Effect of Normal Human Urine on the Reticulocyte Counts 
of Forty-Eight Pigeons 


Unheated Urine Heated Urine 
A 


Dose in Ce. per 100 Gm. of Dose in Ce. per 100 Gm. of 
Body Weight* 
Urine 0.1 0.5 1.0 1.5 0.1 0.5 
1 


+ + + + 
(26%) (28%) (23%) (34%) (15%) (2%) (1%) 
2 


(16%) (26%) (25%) (27%) (12%) (15%) (13%) 

(17%) (19%) (37%) (39%) (12%) (13%) (12%) (17%) 


+ + + ee ee ee 
(26%) (21%) = (82%) (34%) (20%) (1%) 


+ + + + + 
(49%) (16%) (39%) (38%) (15%) (20%) (28%) (33%) 


os oe + + es 
(18%) (15%) — (18%) (23%) (18%) (21%) (14%). 


* Urine was injected intramuscularly for five successive days; + denotes an increase in 
reticulocytes to a significant level; viz., to more than 20 per cent; .. denotes no increase in 
the percentage of reticulocytes to a significant level. The maximum percentage of reticulo- 
eytes for each pigeon after the injections is given in parenthesis. 


In tests with the urine from the first woman the increase was evident 
with all four doses; in tests with the urine of the second woman it 
was evident with the smallest and with the two largest doses, and in 
tests with urine from the third woman it was evident only with the 
largest dose. Again, the results in the four remaining birds may be 
considered to represent a partial response. Nine of the twelve birds 
which received injections of the heated urine of women did not show 
a significant increase in the percentage of reticulocytes, although the 
maximum counts in some of these birds indicated an incomplete destruc- 
tion of reticulocyte-stimulating activity by the heat treatment. Of the 
remaining three birds which did show an increase above 20 per cent 
in the reticulocyte count, two received 1 cc. and 1.5 cc. doses of the 
urine from the second woman, and the third received 0.5 cc. doses of 
the urine from the third woman. 
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The maximal significant increases in the reticulocyte count produced 
by the unheated and heated urine occurred on an average fifteen days 
after the first injection, the extremes being six and twenty days. 


COM MENT 


Whereas one (4 per cent) of twenty-four birds which did not receive 
injections and three (13 per cent) of twenty-four birds which received 
injections of various doses of the heated urine of the six persons showed 
a subsequent reticulocyte count of more than 20 per cent, seventeen (71 
per cent) of twenty-four birds which received injections of various 
doses of the unheated urine and six (60 per cent) of ten pigeons which 
received injections of various amounts of an active liver extract showed 
significant increases in the reticulocyte count. These results point to 
the presence in normal human urine of a substance which increases the 
amount of the reticular material in the blood cells of the pigeon as does 
the hematogenic principle present in liver. From the roughly quanti- 
tative data presented, it is apparent that the amount of the reticulo- 
cyte-stimulating substance in the average normal human urine is 
approximately one tenth of the concentration of the reticulocyte-stimulat- 
ing principle present in the aforementioned liver extract for parenteral 
administration. It is also apparent that the amount of this material in 
the urine of different normal persons varies from one person to another. 
Moreover, pigeons differ somewhat (without relationship to sex) in 
their sensitiveness to the reticulocyte-stimulating material, although there 
is a certain degree of proportion between the amount of the urinary 
and hepatic principles injected and the magnitude, as well as the rapidity 
of onset, of the response of the reticulocytes. 

There are some facts which point to at least a similarity, and pos- 
sibly an identity, of this urinary substance and the principle in the liver 
that acts against pernicious anemia. Thus, as already stated, the urinary 
substance is partially thermostable. This is also true of the liver prin- 
ciple. Furthermore, the reticulocyte-stimulating urinary substance is 
more readily destroyed by heat in the presence of air, and a free access 
of air has been reported to exert a destructive action on the erythrogenic 
principle present in the liver.“© By means of a procedure somewhat 
similar to that used for the antianemia principle present in the liver 
we have extracted the urinary substance from normal human urine and 
have found this concentrated extract active by the pigeon method. The 
urinary principle, like the hepatic principle, is nonvolatile at body tem- 
perature, relatively soluble in 70 per cent ethyl alcohol, and relatively 
insoluble in 95 per cent ethyl alcohol. We shall shortly attempt to con- 


8. Clark, G. W.: Personal communication to the authors. Ralston, J. D.: 
Personal communication to the authors. Wilkinson and Klein.1¢ 
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firm the presence of this apparent erythrogenic principle in normal 
human urine by the guinea-pig method of Jacobson.’ As soon as suit- 
able patients with pernicious anemia are available, we shall test the 
erythrogenic properties of the urinary extract in man. 


SUMMARY 


A modification of the pigeon method for gaging the potency of 
preparations for the combating of pernicious anemia is briefly outlined. 

Normal human urine contains a substance which significantly 
increases the amount of reticular material in the red blood cells of 
the pigeon, as does also the erythropoietic principle present in liver.’® 

Like the latter, the urinary substance is partially thermostable. Other 
evidence is presented pointing to at least a similarity and possibly an 
identity of the urinary and hepatic principles. 


9. Jacobson, B. M.: The Response of the Normal Guinea Pig to the Admin- 
istration of Liver Extracts, Science 80:211, 1934. 

10. Since the completion of this work Decastello (Med. Klin. 31:377, 1935) 
reported that normal human urine was effective when administered rectally to 
patients with pernicious anemia. Later Leiner (Wien. klin. Wchnschr. 48:559, 
1935) and Walters (Proc. Am. Physiol. Soc., 1936, p. 158.) found normal human 
urine to be reticulocytogenic for the rat and guinea-pig, respectively. 
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A REVIEW OF CERTAIN RECENT CONTRIBUTIONS 
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Progress in medicine is variable both as to speed and as to the dif- 
ferent fields involved. Medical knowledge of diseases of the gallbladder 
may be said to date from the fourteenth century, when the observation 
of gallstones at necropsy was first reported. The study of cholecystitis 
has been limited to the past century, while detailed knowledge of the 
normal function of the gallbladder has been obtained only within the past 
decade or two. A better understanding of the normal function of the 
gallbladder, on the other hand, has necessitated a revision of the theories 
regarding the pathogenesis of both cholecystitis and cholelithiasis. 


PHYSIOLOGY OF THE GALLBLADDER 

The present views regarding the normal physiologic activity of 
the gallbladder were summarized in the last review* and need not be 
repeated. During the past year there have been no significant changes 
in these views. 

Biliary colic with pain radiating from the epigastrium to the right 
shoulder or the back represents one of the classic examples of referred 
pain. The mechanism of such referred visceral pain has been variously 
explained. The theory of Mackenzie does not recognize visceral pain 
as such but assumes that pain impulses arising from the gallbladder or 
the common bile duct travel to the cord by way of the celiac ganglion 
and the right splanchnic nerves. These sympathetic impulses sensitize 
the segment of the cord which they enter so that the ordinary somatic 
sensory impulses are appreciated as pain. This viscerosensory mecha- 
nism is assumed to be responsible for pain referred to the epigastrium 
or to the back in cholecystic disease. The theory of Morley assumes 
that an abnormal tension on the muscular walls of the hollow viscera 
gives rise to a true visceral pain. This is a deep-seated central pain, 


From the Clinic for Diseases of the Liver and Biliary Tract of the Depart- 
ments of Medicine and Surgery, the New York Post-Graduate Medical School and 
Hospital. 

1. Greene, C. H.; Bercovitz, Z., and Hanssen, E. C.: Liver and Biliary Tract: 
Review of the Literature of 1933 and 1934, Arch. Int. Med. 55:681 (April) 1935. 
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is not accurately localized and does not radiate. The parietal perito- 
neum is innervated by the somatic spinal nerves and is highly sensitive. 
These nerves extend into the gastrohepatic omentum for a variable 
distance ; so inflammation of the extrahepatic bile ducts may give rise 
to such peritoneocutaneous radiation of pain to the back. 

Zollinger and Young * attempted to determine the relative merits of 
these two theories by mechanically distending the gallbladder or common 
duct of conscious patients. Nine cases were studied. At the time of 
operation the gallbladder or common duct was exposed with the patient 
under local or gas-oxygen anesthesia. The stones were removed from 
the gallbladder or common duct, and a sterile balloon was inserted. 
When the patient had recovered from the anesthesia sufficiently to 
answer questions intelligently, the balloon was distended and the signs 
and symptoms were noted, Zollinger reports as follows: 1. Mechanical 
distention of the gallbladder usually gave rise to deep epigastric dis- 
comfort similar to the attacks of indigestion in cholecystitis but more 
severe. 2. The discomfort was not referred to the region of the gall- 
bladder. 3. Distention of the gallbladder did not produce vomiting. 
4. It was not possible to reproduce the usual referred pain in the back, 
in the infrascapular region or in the right upper quadrant of the abdo- 
men. 5. Distention of the gallbladder produced inspiratory distress. 
6. When distention of the gallbladder brought that viscus into contact 
with the parietal peritoneum, localized pain was produced. 7. Two 
patients did not complain of discomfort, regardless of distention of the 
gallbladder. 

Zollinger’s observations indicate the following points: 1. Mechanical 
distention of the common duct produced epigastric distress which was 
more severe than that produced in the same patient by distention of the 
gallbladder. 2. Distention of the common duct produced vomiting in 
two of three patients. 3. There was no evidence of pain referred to the 
right upper quadrant of the abdomen. or to the back. 4. Inspiratory 
distress was present. These observations have been confirmed by Carter,’ 
who observed also that distention of the common duct frequently pro- 
duced precordial pain. 

Zollinger interprets his observations as indicating that true visceral 
pain is produced by distention of the gallbladder or common duct. 
Referred pain could not be produced in this manner and therefore is 
to be explained as due to the peritoneocutaneous radiation of Morley. 
This pain, he thinks, may well be of inflammatory origin. 


2. Zollinger, R., and Young, E.: Observations on the Symptomatology of 
Cholelithiasis, with Special Reference to Vomiting, New England J. Med. 213: 
714, 1935. Zollinger, R.: Significance of Pain and Vomiting in Cholelithiasis. 
J. A. M. A. 105:1647 (Nov. 23) 1935. 


3. Carter, R. F.: Personal communication to the author. 
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An analysis of a series of cases of cholecystitis and cholelithiasis fur- 
ther confirmed the association of involuntary vomiting with stones in the 
common duct, and Zollinger therefore emphasizes the importance of 
this symptom as an indication for exploration of the common duct. 


THE ROLE OF INFECTION IN CHOLECYSTITIS AND CHOLELITHIASIS 


The pathogenesis of cholecystitis and cholelithiasis continues to 
arouse much controversy, though three factors—metabolic disturbance, 
infection and biliary stasis—are generally accepted as of prime impor- 
tance in the development of these conditions and in the production of 
the associated symptoms. The relative importance of each of these 
factors is by no means established. 

Early bacteriologic studies indicated that a great variety of organ- 
isms—especially typhoid and colon bacilli, streptococci, staphylococci 
and the Welch bacillus—could be isolated from cultures of material 
from the wall of the gallbladder, the bile or gallstones. The wall of 
the gallbladder showed changes that were interpreted as inflammatory, 
especially an infiltration with round cells. These changes were con- 
sidered sufficient at that time to establish firmly the role of infection 
in producing chronic cholecystitis. Recent reviews, such as those of 
Andrews,* Rehfuss and Nelson,® Hanssen and Yurevich * and Andrews 
and Henry,’ summarize most of the literature dealing with infection 
of the gallbladder. The authors point out that cultures of the bile or of 
tissue from different portions of the biliary tract are sterile in a con- 
siderable proportion of cases. Infection is more frequent in cases of 
acute cholecystitis than in cases of chronic cholecystitis. In the latter 
condition Hanssen and Yurevich obtained positive results from cultures 
of material from some portion of the biliary tract in only 32.7 per cent 
of the cases studied. The incidence of infection in the wall of the gall- 
bladder (30 per cent) was greater than that in the contained bile (only 
20 per cent). 

Hanssen and Yurevich compared the results of culture of material 
obtained at duodenal drainage and of the contents of the gallbladder 


4. Andrews, E.: Detailed Studies of a Series of Gall Bladder Cases, Surg., 
Gynec. & Obst. 57:36, 1933. 

5. Rehfuss, M. E., and Nelson, G. M.: The Problem of Infection in Gall 
Bladder Disease vith a Report on the Experimental Production of Cholecystitis, 
Am. J. Digest. Dis. & Nutrition 1:759, 1935; The Medical Treatment of Gall 
Bladder Disease, Philadelphia, W. B. Saunders Company, 1935. 

6. Hanssen, E. C., and Yurevich, A.: Bacteriological Observations in Disease 
of the Biliary Tract: A Comparison of Operative Findings with Those of Non- 
Surgical Drainage of the Biliary Tract in One Hundred and Four Cases, Am. J. 
Digest. Dis. & Nutrition 2:460, 1935. 

7. Andrews, E., and Henry, L. D.: Bacteriology. of Normal and Diseased 
Gallbladders, Arch. Int. Med. 56:1171 (Dec.) 1935. 
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obtained at operation. They point out that the relative infrequency 
with which infection of the bile is noted at operation contrasts markedly 
with the large proportion of positive results obtained from bile secured 
by duodenal drainage. 

Some organisms, such as Bacillus typhosus, Bacillus coli, Bacillus 
Welchii and Bacillus proteus, normally are not found in the upper 
portion of the gastro-intestinal tract, but they do invade the biliary tract. 
When found in the duodenal drainage, they afford presumptive evidence 
of infection of the bile or biliary tract, irrespective of the presence of 
contaminating organisms. 

Some organisms, such as the Friedlander bacillus, Micrococcus 
catarrhalis, pneumococci and the like, are normal inhabitants of the 
buccal cavity but are not found in cultures of material from the biliary 
tract at operation. When these organisms are found in the duodenal 
drainage, they afford presumptive evidence of duodenal contamination 
and are without pathologic significance. 

The isolation of staphylococci and streptococci from the gallbladder 
at operation is significant. The presence of these organisms in the duo- 
denal bile, however, is not significant of infection of the biliary tract, 
unless the possibility of contamination can be excluded, and even then 
these organisms must be obtained in pure culture on several occasions 
for the finding to be considered of clinical significance. 

Recently, Twiss and Phillips* described a duodenal tube with a 
double bore. Duodenal drainage is carried out in the usual manner, 
one of the tubes being used for lavage of the duodenum with antiseptic 
solutions and to obtain specimens of bile for purposes of clinical study. 
The other tube is sealed off and kept sterile by means of a keratin- 
coated capsule over the duodenal opening. Once the tube is in position 
the capsule is ruptured, and specimens are withdrawn for culture. 
Twiss and Phillips have greatly reduced the incidence of contamination 
of the specimens of duodenal contents by securing the specimens in this 
manner, and the method promises to be of service in the study of infec- 
tions of the biliary tract. 

There has been a great deal of investigation in the past to deter- 
mine the pathway by which infection reaches the liver and biliary tract. 
Three main pathways are recognized: (1) hematogenous, by way of 
either the portal vein or the hepatic artery; (2) chologenous, by way 
of an ascending infection of the bile ducts from the duodenum, and 
(3) lymphogenous, for lymphatic pathways carry infection to the liver 
and biliary tract from the appendix, duodenum and colon in particular. 


8. Twiss, J. R., and Phillips, C. H.: Bacteriological Findings in Disease of 
the Biliary Tract: An Improved Method of Obtaining Cultures of Bile by Duo- 
denal Drainage, Am. J. Digest. Dis. & Nutrition 2:663, 1935. 
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They also carry infection from the liver to the gallbladder or vice versa. 
The relative importance of each of these pathways, however, continues 
to be a source of controversy. 

Andrews ® insists not only that the liver normally possesses a rich 
bacterial flora but that the demonstration of bacteria in the gallbladder 
is of no great significance unless the organisms are present in definitely 
increased amounts. Sections of the entire gallbladder show that the 
evidence of infection is greater in the cases in which there has been 
obstruction of the cystic duct. The pathologic changes, furthermore, 
often are more marked on the hepatic surface of the gallbladder than 
on the free surface. Andrews considers this as evidence that infection, 
when it occurs, spreads by direct continuity from the liver. 

Andrews explains the relationship between infection and chole- 
lithiasis on the assumption of the following premises: 1. Cholesterol 
stones are formed during short periods of obstruction of the cystic duct. 
During such periods bile salts are absorbed from the gallbladder, while 
cholesterol remains. The normal bile salt-cholesterol ratio is decreased, 
and cholesterol crystallizes. This cholesterol is derived from the bile 
and not from the epithelium of the gallbladder. 2. The deposition of 
calcium on a gallstone represents a secretion by the mucosa of the gall- 
bladder during periods of obstruction. 3. The closure of the cystic 
duct due to any cause results in infection of the gallbladder, which lasts 
for a variable period. Calcium is not deposited during this period of 
infection but begins to accumulate as the infection subsides. 4. Infection 
of the gallbladder by hepatic bile is not likely. 5. Cholesterol stones 
are not the result of a diathesis, for they are not associated with hyper- 
cholesteremia, though a diathesis may be responsible for the deposition 
of pigment in cases of hemolytic jaundice. 

Because he considers the patency of the cystic duct the crucial factor 
in determining the development of the pathologic picture, Andrews 
classifies his cases of gallbladder disease as follows: 

1. Normal state of the gallbladder 

Slight infiltration often seen; cholesterosis; presence or absence of stones. 
(The presence of these signs formerly often led to a diagnosis of chronic 
cholecystitis. ) 

2. Reaction to acute obstruction of the cystic duct 
Uncomplicated type (formerly called chronic cholecystitis) 
Infective type (formerly called acute cholecystitis) 
Empyema (?) 
Type with vascular damage (formerly acute cholecystitis) 
Mild cholecystitis 
Ulcerative cholecystitis 
Gangrenous cholecystitis 


9. Andrews, E.: Pathologic Changes of Diseased Gallbladders: A New 
Classification, Arch. Surg. $1:767 (Nov.) 1935. 
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. Reaction to intermittent obstruction of the common duct 
Normal condition between attacks ‘ 
Persistent irritation (usually mild) 


. Reaction to chronic obstruction of the cystic duct 
Uncomplicated type (formerly called chronic cholecystitis) 
Acute reinfection 

Mild 
Empyema (?) 
Hydrops 

. Reaction to obstruction of the common duct 
Acute or recent type (dilated and thin-walled gallbladder) 
Chronic type (shrunken and fibrosed gallbladder) 


6. Neoplasms 


Many of the assumptions on which these views of Andrews are 
based are still subjects of controversy, and their truth is yet to be 
proved conclusively. The divergence between these views and those of 
Graham °° are well-nigh irreconcilable. They should therefore provoke 
considerable discussion and further investigation of a very complicated 
and difficult subject. 

Another approach to this problem was that of Carter,'’ who studied 
a series of cases of enlargement of the gallbladder consequent on stasis 
within the biliary tract. The condition was of two main types—hypo- 
tonic and hypertonic. The hypotonic type was ascribed to dilatation 
due to the normal secretory pressure of bile in the presence of atrophy 
and atony of the wall of the gallbladder. The gallbladder was rounded 
and balloon-like, but when stones became impacted and there was secon- 
dary infection, fibrosis and secondary contraction appeared. The hyper- 
tonic type also represented an enlargement due to an increase in the 
pressure within the biliary tract. In this type, however, the effects of 
the pressure were resisted by an increased tonus and hypertrophy of the 
wall of the gallbladder. Under these conditions the associated clinical 
symptoms were much more marked, and colic was frequent. 


THE CHEMISTRY OF THE BILE ACIDS 


Bile acids are the most characteristic constituent of bile, the secre- 
tion of the liver. Several different bile acids are known to exist in 
nature, and their chemical constitution has been under investigation for 
a long time; but in the past few years this field of chemistry has been 
revolutionized, and the structural formulas not only of the bile acids 
but of many chemically related compounds now are known. This sub- 


10. Graham, E. A.: Clinical Application of Some Recent Knowledge of 
Biliary Tract (Especially Cholesterosis or “Strawberry” Gall Bladder), Harvey 
Lectures, 1933-1934, Baltimore, Williams & Wilkins Company, 1935, p. 176. 

-° 11. Carter, R. F.: Enlargement of the Gall Bladder, Ann. Surg. 102:194, 1935. 
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ject has recently been reviewed in detail by Sobotka.'* Reference must 
be made to his review for details, for Sobotka reports that over five 
hundred compounds chemically related to the bile acids have been 
described and he cites over three hundred references in his bibliography. 

The bile acids are derivations of the polycylic hydrocarbon cholane, 
which is related to the phenanthrene compounds. Interest in these 
compounds is heightened by the recognition that many other compounds 
of great biologic and medical interest have this same tetracyclic carbon 
skeleton. Thus, the bile acids of both the cholic and the deoxycholic 
series and their derivatives; the various sterols, such as cholesterol, 
phytosterol, ergosterol and vitamin D; the aglucone group of various 
glucosides, such as saponin, strophanthin and some of the toad poisons ; 
some hormones, including the ovarian and testis hormones as well as 
the hormone of the corpus luteum, and certain carcinogenic substances 
prepared synthetically or isolated from coal tar are all related chemi- 
cally (figure). 

The physiologic or pharmacologic action of many of these com- 
pounds has been studied in detail, but biochemical knowledge is lacking. 
At present the natural synthesis of these compounds in the body and 
the manner and method of their catabolism are unknown. There has 
been much speculation in consequence regarding their biochemical rela- 
tionships, if any. Are they mutually interconvertible ; if so, which ones? 
Particularly fascinating is the suggestion that a disturbance in or a per- 
version of the normal catabolism of bile acids or of cholesterol might 
lead to the formation in significant amounts of carcinogenic compounds, 
but it must be kept in mind that until more is known of the metabo- 
lism of these compounds there is no direct evidence to support such a 
hypothesis. 

The physiologic action of the bile acids is better understood. It has 
been shown that in an animal with a biliary fistula the daily excretion 
of bile acids or salts depends on the diet.'"* When bile salts are admin- 
istered, either orally or intravenously, they are rapidly excreted through 
the bile.* A reduction in the excretion of bile salts is one of the earliest 
signs of injury to the liver by such a hepatic poison as chloroform.'® 
When the bile ducts are obstructed, bile salts accumulate in the blood 


12. Sobotka, H.: The Chemistry of the Bile Acids and Related Substances, 
Chem. Rev. 15:311, 1934. 

13. Smith, H. P., and Whipple, G. H.: Bile Salt Metabolism: V. Casein, 
Egg Albumin, Egg Yolk, Blood and Meat Proteins as Diet Factors, J. Biol. Chem. 
87:689, 1930. 

14. Greene, C. H., and Snell, A. M.: Studies in the Metabolism of the Bile: 
II. The Sequence of Changes in the Blood and Bile Following the Intravenous 
Injection of Bile or Its Constituents, J. Biol. Chem. 78:691, 1928. 

15. Smith, H. P., and Whipple, G. H.: Bile Salt Metabolism: VIII. Liver 
Injury and Liver Stimulation, J. Biol. Chem. 89:727, 1930. 
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stream and are excreted in the urine.*® As a result of these experi- 
ments it is generally accepted that the bile acids are formed in the liver. 
Further evidence in support of this view is supplied by the observation 
of Greene ** and of Bollman and Mann ** that bile salts do not appear 
in the blood or urine after complete hepatectomy. 


HO 
Cholic Acid 


HO: 
Tachysterol (Vitamin D 


Fig. 1—Formulas for cholane and related compounds (modified from Sobotka). 
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17. Greene, C. H.: Unpublished observation. 
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Destruction of Bile Salt, Arch. Path. 16:304 (Aug.) 1933; Alterations in Hepatic 
Function Produced by Experimental Hepatic Lesions, Ann. Int. Med. 9:617, 1935. 
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The importance of bile in the absorption of fats has long been 
known and is partly due to its action in activating the pancreatic lipase 
and partly to the action of the bile salts in favoring emulsification and 
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Fig. 2—Formulas for cholane and related compounds (continued). 


solution of the fats. Wieland and Sorge *® showed that the so-called 
choleic acids in bile really are addition compounds of deoxycholic acid 


19. Wieland, H., and Sorge, H.: Untersuchungen iiber die Gallensauren zur 
Kenntnis der Choleinsaure, Ztschr. f. physiol. Chem. 97:1, 1916. 
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with fatty acids. Verzar and Kuthy *° have emphasized the importance 
of such compounds in the absorption and transport of fatty acids, for 
they are water-soluble and may be absorbed directly into the portal 
circulation. Drummond * adds further emphasis by stating that “the 
most important function of the bile is to facilitate the absorption of fatty 
substances by the formation of these curious complexes with bile acids.” 

It is clear that the property of the bile acids in favoring the absorp- 
tion of fatty substances is not limited to the true fats but is extended 
to a large series of “fat-soluble” materials. Drummond cites experi- 
ments showing the absorption of such unrelated compounds as liquid 
petrolatum and naphthalene. 

The practical importance of this aspect of the absorption of “fat- 
soluble” materials is apparent when the vitamins are considered. Wright 
and Whipple *? reinvestigated the absorption of cholesterol after oral 
administration to dogs and showed that the excretion through the biliary 
fistula is increased by the feeding of bile or bile salts with the cholesterol. 
Greaves and Schmidt ** have shown that in rats the absorption of vita- 
min D is deficient when bile is excluded from the intestinal tract. 

Greaves and Schmidt ** placed rats on a diet deficient in vitamin A 
and then excluded bile from the intestinal tract either by ligation of 
the common bile duct or by the production of a biliary fistula. Tests 
showed that these animals were able to absorb vitamin A in the absence 
of bile from the intestinal tract. The carotenes (a, 8B and y) are now 
recognized as being the precursors of vitamin A and are frequently 
referred to as the provitamin. Carotene administered orally was not 
absorbed when bile was excluded from the intestinal tract. Carotene 
forms addition compounds with deoxycholic acid and was absorbed 
when administered along with deoxycholic acids. Animals with experi- 
mental obstructive jaundice produced by ligation of the common duct 
were unable to convert carotene into vitamin A, irrespective of the 


20. Verzar, F., and von Kuthy, A.: Die Bedeutung der Gallensauren fiir die 
Fettresorption, Biochem. Ztschr. 205:369, 1929; Die Bedeutung der gepaarten 
Gallensauren fiir die Fettresorption, ibid. 230:451, 1931. Verzar, F.: Absorption 
of Fats, Nutrition Abstr. & Rev. 2:441, 1933. 

21. Drummond, J. C.: Biochemical Studies of Liver Function in Relation to 
Fat Metabolism, Harvey Lectures, 1932-1933, Baltimore, Williams & Wilkins Com- 
pany, 1934, p. 202. 

22. Wright, A., and Whipple, G. H.: Bile Cholesterol: Fluctuations Due to 
Diet Factors, Bile Salt, Liver Injury and Hemolysis, J. Exper. Med. 59:411, 1934. 

23. Greaves, J. A., and Schmidt, C. L. A.: The Role Played by Bile in the 
Absorption of Vitamin D in the Rat, J. Biol. Chem. 102:101, 1933. 

24. Greaves, J. D., and Schmidt, C. L. A.: On the Absorption and Utilization 
of Carotene and Vitamin A in Choledochocolonostomized Vitamin A Deficient Rats, 
Am. J. Physiol. 111:492, 1935; The Utilization of Carotene by Jaundiced and 
Phosphorus Treated Vitamin A Deficient Rats, ibid. 111:502, 1935. 
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channel used in giving the carotene. These experiments therefore tend 
to strengthen the present view that the liver is the organ responsible 
for the conversion of carotene to vitamin A. Does this indicate that 
the marked degree of carotenemia which is occasionally seen in clinical 
practice is evidence of disturbance of this function of the liver? 

Clinicians have long recognized the variety and severity of the nutri- 
tional disturbances seen in cases of obstructive jaundice. That some 
of these symptoms may be produced by a deficiency of vitamin A has 
not been recognized so clearly. Altschule *° reports a postmortem study 
of eleven infants with congenital atresia of the bile ducts. All the 
infants had received a diet that contained adequate amounts of vitamin 
A, and none presented evidence of xerosis or keratomalacia during life. 
In more than half the cases Altschule observed histologic evidence of a 
deficiency of vitamin A. This is a significant observation, and it is to 
be hoped that the study will be extended to cases of obstructive jaundice 
in adults. 

CIRRHOSIS OF THE LIVER 


In the previous review it was pointed out that the term “hepatic 
cirrhosis” is synonymous with “chronic diffuse hepatitis.” The etiology 
of the term is as varied as are the agents which, singly or in combi- 
nation, may cause chronic diffuse progressive injury to the liver. 
Arsenic and its derivatives have been under suspicion for a consider- 
able period as agents which may produce hepatic lesions. This suspicion 
is further increased by the studies of Baldridge,*® who reviewed a series 
of thirty-six selected cases in which the diagnosis of portal cirrhosis 
was unquestioned. Of the thirty-six patients, fifteen had syphilis, and 
eleven of these patients had received antisyphilitic treatment before 
cirrhosis became manifest. One additional patient was not syphilitic 
but had received antisyphilitic treatment. 

Baldridge agrees that vices are prone to be multiple, so that alco- 
holism, syphilis and antisyphilitic treatment often coexist in the history 
of a patient with cirrhosis of the liver, but he points out that alcoholism 
apparently was an etiologic agent in only three of the twelve cases 
reported. 

In seven of the cases the Wassermann reaction was negative when 
cirrhosis developed, and in only two was the reaction strongly positive. 
The facts that most of the patients had had vigorous treatment and that 
cirrhosis had developed at a time when the Wassermann reaction was 
negative speaks against the theory that the hepatic damage was dependent 


25. Altschule, M. D.: Vitamin A Deficiency in Spite of Adequate Diet in Con- 
genital Atresia of Bile Ducts and Jaundice, Arch. Path. 20:845 (Dec.) 1935. 

26. Baldridge, C. W.: The Relationship Between Antisyphilitic Treatment and 
Toxic Cirrhosis, Am. J. M. Sc. 188:685, 1934. 
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on the syphilitic infection. The fact that there was a variable duration 
of syphilis before cirrhosis appeared and the fact that one patient never 
had syphilis are opposed to the theory that the cirrhosis in these patients 
may have been due to syphilis. 

In three of the four cases in which necropsy was performed cirrhosis 
was described by the pathologist as being toxic, the result of previous 
acute yellow atrophy. As a result of these observations Baldridge 
believes that toxic cirrhosis of the liver may and does result from anti- 
syphilitic treatment. 

TESTS OF HEPATIC FUNCTION 


No attempt will be made here to review the various reports on tests 
of hepatic function, for a detailed review of the current tests and an 
estimate of their clinical usefulness are given by Soffer.** Of the various 
tests which are making a bid for recognition, reference may be made 
to the study of the synthesis of hippuric acid from ingested benzoic 
acid as a test of hepatic function, for this well illustrates the difficulties 
in the development of really specific functional tests. This test was 
introduced by Kiihne** in 1858, was gradually given up, then was rein- 
troduced as a measure of renal rather than of hepatic injury and finally 
was reintroduced as a test of hepatic function by Quick * in 1933. 
Vaccaro *° and Snell and Plunkett *! have reported several cases showing 
that the synthesis of hippuric acid is diminished in the various types of 
hepatic disease. They believe, therefore, that the test is of value in the 
search for evidence of hepatic damage in patients with “surgical” types 
of jaundice. 

Adlersberg and Minibeck ** confirm these findings but in addition 
report that the synthesis of hippuric acid decreases in nephritis and in 
a variety of other conditions, such as chronic passive congestion, anemia 
and cachectic states. They think that disturbance in the absorption of 
the administered benzoic acid may explain the diminished synthesis of 


27. Soffer, L. J.: Present Day Status of Liver Function Tests, Medicine 14: 
185, 1935. 
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hippuric acid in the latter conditions. That severe injury to the liver 
interferes markedly with the synthesis and excretion of hippuric acid 
is agreed, but it must be recognized that the liver is not the only organ 
concerned in the metabolism of hippuric acid. Disturbances in the 
absorption from the intestine or in renal function likewise reduce the 
excretion of hippuric acid. The test is useful in the study of hepatic 
disease; but other disturbing factors must be excluded, and the test 
should not be considered as specific for hepatic function. 

The generally accepted view regarding the use of tests of hepatic 
function still is that it is desirable to test as many different functions 
of the liver as possible in order satisfactorily to appraise the functional 
status of this organ. A good deal of the present dissatisfaction with 
these tests is due to the tendency to rely on one particular test. Particu- 
larly is this true of the tendency to search for tests which will indicate 
the specific pathologic lesion in the liver. There is no correlation 
between the type of pathologic lesion and the function which is disturbed. 
Clinical signs likewise fail to indicate which function is disturbed first. 
Functional tests have not reached the point of perfection where the 
nature of the test can indicate the type of change in the organ. As 
pointed out by Greene and Shattuck,** continuance of the search for 
functional tests of specific diagnostic import is not likely to be success- 
ful; rather, the tests should be used in an attempt to determine the 
importance of the various elements which enter into the clinical picture. 


EFFECTS OF HEPATIC DISEASE ON THE COMPOSITION OF 
THE BLOOD 


The changes in the serum proteins in diseases of the liver were 
referred to in part in the previous review. During the year this subject 
has been reviewed in detail by Snell,** with particular reference to the 
changes in the serum proteins. He refers to a long series of reports 
demonstrating that in the more advanced stages of chronic hepatic dis- 
ease there is a moderate reduction in the serum protein content. The 
albumin-globulin ratio of the serum also is disturbed, with a tendency 
to a disproportionate lowering of the albumin content, and a reversal 
of the normal albumin-globulin ratio. These variations may be nutri- 
tional or secondary to a loss of protein in ascetic or edema fluid; but 
the preponderance of evidence seems to indicate that the changes are 
associated with a deficient production of protein by the liver, and so 
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they have some diagnostic and prognostic significance. The reduction 
in the serum albumin value frequently is sufficient so that it is a con- 
tributing factor in the production of ascites and edema. 

The Takata-Ara reaction continues to gain in favor as a measure 
of the disturbances in the normal albumin-globulin ratio of the serum 
and so as an index of parenchymatous lesions of the liver. Rappolt,*° 
Ragins ** and Recht * all consider it of distinct clinical value. The 
experiments of Oefelein ** concerning the mechanism of the Takata-Ara 
reaction indicate that the outcome of the test was determined by the 
ammonia present. In his patients he found a parallelism between the 
Takata-Ara reaction and the ammonia content of the serum. He there- 
fore questions the usually accepted explanation of the mechanism of the 
test, but since an increase in the ammonia content of the serum is evi- 
dence of failure in the detoxifying mechanism of the liver, he too con- 
siders a positive reaction as evidence of parenchymal lesions of the liver. 
Gros *° takes the opposite view, for he obtained a positive Takata-Ara 
reaction in the serum of patients with multiple myeloma. This reaction 
in cases of myeloma is explained as due to the disturbances in the 
character of the serum proteins in this condition and so emphasizes 
the point that the Takata-Ara reaction is not specific for hepatic lesions. 
This is also stressed by Magath, *° who points out that the Takata-Ara 
reaction is a colloidal phenomenon which has not yet been explained. 
Its use in diagnosis is therefore empirical, though there is some corre- 
lation with changes in the albumin-globulin ratio of the serum. Magath 
found a positive reaction in about half his patients with hepatic damage, 
and so he questions whether the test is of greater diagnostic or prog- 
nostic value than other established tests of hepatic function, such as the 
bromsulfalein test. I likewise have been disappointed in the results of 
the Takata-Ara reaction, for in many cases there are slight flocculations 
or precipitations which are very difficult of interpretation, and the 
results in known cases of hepatic involvement have not been uniformly 
positive. 
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The disturbances in the process of blood formation in hepatic dis- 
ease are not limited to the plasma, for there are changes in the cellular 
elements as well. Anemia is frequently associated with hepatic diseases, 
and Hayem ** in 1889 reported a case of cirrhosis in which the blood 
picture resembled that seen in pernicious anemia. The increased interest 
in pernicious anemia stimulated by the discovery of the specific thera- 
peutic effects of liver extracts has extended to other conditions in which 
similar blood pictures are seen. As a result, during the last few years 
a considerable number of reports have been made on the occurrence 
of macrocytic hyperchromic anemia in association with diseases of the 
liver, especially in cases of portal cirrhosis.*? These studies have been 
reviewed by Wintrobe,** who reported a study of one hundred and 
thirty-two cases of hepatic disorder. Eighteen (40.9 per cent) of 
the forty-four patients with hepatic cirrhosis, eight (22 per cent) of the 
thirty-six patients with carcinoma of the liver, either primary or 
secondary, and seventeen (32.7 per cent) of the fifty-two patients with 
miscellaneous disorders of the liver showed a macrocytic anemia morpho- 
logically similar if not identical with that seen in pernicious anemia. 
Like the latter it manifested spontaneous remissions and responded to 
treatment with liver extract. 

Hepatic disease is apparently the cause of this macrocytic anemia, 
for the latter was most marked in those cases in which the disease of 
the liver was so widespread and of such long duration that only a little 
functioning tissue remained. This is particularly true in cases of hepatic 
cirrhosis, in which condition macrocytic anemia is especially common. 
Faulty storage of the hematopoietic principle in the cirrhotic liver has 
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been suggested as the cause of the anemia. It is known that this prin- 
ciple is stored in the normal liver, while the reports of Robscheit- 
Robbins and Whipple,** Wilkinson and Klein *° and Goldhamer, Isaacs 
and Sturgis *° have shown that extracts of the liver of a patient who 
had died of cirrhosis and macrocytic anemia were ineffective in the 
treatment of a patient with. pernicious anemia. An extract of the liver 
of a patient who had died of acute yellow atrophy contained the active 
hematopoietic principle. 

Previous authors have suggested that in cases of cirrhosis the liver 
may be unable to utilize the hematopoietic principle, but Wintrobe 
insists that there is no evidence to indicate that in cases of hepatic dis- 
ease there is any difficulty in utilizing the extrinsic factor from the diet 
or that the liver has any other function concerning this factor than 
that of simple storage. He thinks that the ability of the patient to 
utilize the extrinsic factor may explain why macrocytic anemia is rarely 
severe in cases of hepatic disease. 

Not only do the anemia and the consequent reduction in the hemo- 
globin content of the blood in cases of advanced hepatic disease have 
an unfavorable effect on the course of the disease, but in these cases the 
hemoglobin fails to carry its full load of oxygen. Snell ** has reported 
the existence of a considerable degree of anoxemia in patients with 
advanced hepatic disease of various types. In these cases the percent- 
age of saturation of the arterial blood observed varied from 85 to 90, 
instead of showing the normal range of from 91 to 98. His results 
showed that the anoxemia was of the anoxic type, and he was unable 
to demonstrate any changes in the physiologic behavior of the hemo- 
globin to explain this finding. Circulatory disturbances and minor 
degrees of edema of the alveolar walls cannot be excluded in the pro- 
duction of this condition, though Snell minimizes the importance of 
these factors. In any case the anoxemia, when present, can have only 
a deleterious effect on the clinical condition of the patient. These obser- 
vations led Judd, Snell and Hoerner ** to reemphasize further the bene- 
ficial effects of transfusion, especially in the preoperative preparation 
of jaundiced patients. 
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Book Reviews 


The Stomach and Duodenum. By George B. Eusterman, M.D.; Donald G. 
Balfour, M.D., and members of the staff of the Mayo Clinic. Price, $10. 
Pp. 958, with 436 illustrations. Philadelphia: W. B. Saunders Company, 1935. 


For many years the staff of the Mayo Clinic has taken a notable interest in 
conditions which affect the stomach and duodenum. George Eusterman and 
Donald Balfour are physicians of wide experience in these matters; they have 
a sound clinical opinion on any subjects which happen to interest them and a 
pungent way of expressing this and are likely to do any job which they undertake 
artistically and in a thorough, painstaking fashion. It is not surprising, therefore, 
that this volume which has been assembled under their leadership is an admirable 
bit of bookmanship. 

The work begins with a characteristic foreword by Dr. William Mayo and 
Dr. Charles Mayo, who so long and emphatically have championed progressive 
medicine. The following chapters deal with various topics that pertain to the 
stomach or duodenum; the discussion is based largely on the experience of the 
Mayo Clinic, with due regard to the current literature and to the opinions of 
others. These chapters are written authoritatively and interestingly by either 
Dr. Eusterman or Dr. Balfour except when outside help seemed necessary. Thus, 
while the brunt of the writing of this long book has fallen on their shoulders, 
there are a number of extremely valuable chapters by other members of the staff: 
Alvarez writes on physiology, and Mann, on experimental peptic ulcer. MacCarty 
and Robertson contribute a section on pathology. Kirklin discusses the roent- 
genologic diagnosis and Lundy discusses anesthesia for gastric operations, while 
Walters writes on total gastrectomy for carcinoma of the stomach; Harrington, 
on diaphragmatic hernia; Helmholz, on hypertrophic pyloric stenosis of infants; 
Rivers, on gastric or duodenal hemorrhages; Hartman, on anemia following 
operation on the stomach, and Lemon, on postoperative pulmonary disease. The 
first chapter, by Dwight Wilbur, gives in twenty-one pages an excellent historical 
review of the steps by which the present conception of diseases of the stomach 
and duodenum have arisen. 

A book of this scope and character is bound to be a useful work for reference. 
Moreover, it is well printed, well illustrated and well bound. It will appeal to 
students and teachers, and to those practicing clinicians who are doing the field 
work of medicine today in this country, for whom it was written. On the whole, 
this work deserves the highest praise. 


Pathology of Internal Diseases. By William Boyd, M.D., Professor of 
Pathology in the University of Manitoba. Second edition. Price, $10. 
Pp. 904, with 335 illustrations. Philadelphia: Lea & Febiger, 1935. 


This book had a successful coming out in 1931. Such critical dowagers as The 
Journal of the American Medical Association and the ArcHives OF INTERNAL 
MEDICINE were disposed to look favorably on the form and appurtenances of this 
new débutante. To be sure, The Journal as an elderly matron always responsible 
for the proper thing to say, raised eyebrows at some of the English used by the 
new book, objecting particularly to the tediousness of repeated beginnings such 
as “It is seen that”; “It appears”; and “It becomes evident,” and shuddering at 
“In one case on which I performed an autopsy” (p. 698) and the “case which was 
tapped 301 times” (p. 331). On the whole, however, both critics were pleased. 
The Journal of the American Medical Association (96:973 [March 21] 1931) con- 
cluded by remarking, “The author is to be congratulated on his success in linking 
up the pathology so commonly segregated to instructors and student days with the 
routine practice of medicine,” and the ArcHives or INTERNAL MEDICINE (47:988 
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[June] 1931) stated: “No text in the field of internal medicine that has appeared 
in recent years deserves more praise. It is different, readable, valuable as a refer- 
ence book and in every way written from the point of view of the clinical teacher 
and practitioner.” 

The second edition is much like the first but is ninety-three pages longer and 
has thirty-five more illustrations. There still remain a tediously large group of sen- 
tences which begin “It is seen that”; “It appears,” and “It becomes evident,” and on 
pages 719 and 337 one still reads of the “case on which I performed an autopsy” 
and of the “case on record which was tapped 301 times.” But these, after all, are 
minor defects. As the author states, to this edition much new material has been 
added and a considerable amount has been rewritten, so that the book is distinctly 
up to date in every way. A pleasant improvement is in the manner in which the 
short bibliography at the end of each chapter is arranged. In the first edition 
this was set down in alphabetical order; in the new edition the bibliography jis 
arranged first by subjects and then alphabetically, so that the student can more 
easily lay his hand on good references to any subject on which he wishes more 
detailed knowledge. 

The author is to be congratulated. In his second edition he has continued 
to make of his book an interesting, useful, first-class volume on pathology. The 
ARCHIVES, at least, is glad to repeat, “No textbook in the field of internal medicine 
that has appeared in recent years deserves more praise!” 


The Human Foot: Its Evolution, Physiology and Functional Disorders. 
By Dudley J. Morton, Associate Professor of Anatomy, College of Physicians 
and Surgeons, Columbia University. Price, $3. Pp. 257, with 100 illustra- 
tions. New York: Columbia University Press, 1935. 


Eminently fitted for the task by his years of painstaking study of the foot, as 
both clinician and anatomist, Morton brings together in this volume a compact 
and stimulating discussion which aims chiefly “to identify and to analyse the 
primary factors of functional disorders of the foot.” 

More than half of the book is devoted to anatomic and functional considerations, 
which are properly emphasized as an indispensable foundation for the understanding 
of disorders of the foot. Tracing the evolutionary history of the human foot, the 
author states that it derives remotely from a grasping member “as flexible and as 
flat as the human hand,” adapted to the demands of a tree-living existence. The 
elevation of a rigid longitudinal arch is explained as a response to the assumption 
of erect bipedal locomotion by the more immediate ancestors of modern man, 
introducing new gravitational stresses and changes in muscle pull, both being 
mechanical influences capable of modeling the skeletal pattern. Formation of the 
arch and the new distributions of stresses are associated with further modifications 
of foot structure, involving notably the calcaneus and talus. Distribution of weight 
and the axis of balance in standing; foot balance, and the foot in action, in both 
walking and running stride—all are analyzed in detail. Contrary to those who 
affirm either that the maintenance of normal posture is brought about entirely 
by the action of muscles or that normal posture depends essentially on the liga- 
mentary supports, Morton insists that “any appreciable defect in either element 
will be manifested by an unbalanced posture, irrespective of the integrity of the 
other element.” 

In the detection of foot disorders the author finds that while degree of pronation 
reveals disorders of the longitudinal arch, mere surface inspection affords little 
help in identifying present or prospective disorders in the distal part of the foot. 
He accordingly adopts, in addition to roentgen examination a physiologic test, 
having devised for this purpose two instruments for recording distribution of 
weight in standing and in walking. The results for one hundred and fifty subjects 
so analyzed are presented in detail, and attention is directed to the desirability of 
routine roentgenography in the diagnosis of functional disorders. In a concluding 
chapter, devoted to the general problem of foot welfare, it is stated that examina- 
tions of male college students indicate that as many as 40 per cent exhibit foot 
disorders sufficient to produce symptoms or even to limit normal activity. It is 
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obvious that most cases of this nature would not come to the attention of the 
orthopedist, aid being sought in extraprofessional quarters. 


Preventive Medicine and Hygiene. By Milton J. Rosenau, Professor of Pre- 
ventive Medicine and Hygiene, Harvard University Medical School. With 
chapters on Mental Hygiene, by Abraham Myerson; Sewage and Garbage, 
by Gordon M. Fair; Vital Statistics, by John W. Trask; Statistical Methods, 
by Carl P. Doering; Conservation of Vision, by J. Herbert Waite ; Contracep- 
tion, by Eric M. Matsner. Sixth edition. Price, $10. Pp. 1,481, with 146 
illustrations and 1 plate. New York: D. Appleton-Century Company, Inc., 
1935. 


The first edition of this textbook appeared in 1913. It was reviewed favorably 
in The Journal of the American Medical Association (61:1317 [Oct. 4] 1913). 
The reviewer described the book as a distinct addition to the lengthening list of 
books of the first rank by American authors and already a standard authority on 
the subject of preventive medicine. 

The book has prospered: Subsequent editions were forthcoming in 1916, 1917, 
1921, 1927 and 1935. The latest edition, while in line with the others, has been 
extensively rewritten to bring it up to date, with much new matter added and much 
dead wood deleted. Subjects considered for the first time include contraception and 
psittacosis, which have become of considerable general importance in the last few 
years. The review of the fifth edition in The Journal of the American Medical 
Association (88:1924 [June 11] 1927) stated about all that needs to be said in 
regard to the 1935 volume: “This book established itself as a standard in its 
field when first published, and succeeding editions have been quite up to the rank 
of the previous ones. In every way the volume is an adequate reference to its 
subject.” 


The Parathyroids in Health and in Disease. By David H. Shelling, M.D. 
Price, $5. Pp. 335, with 26 illustrations. St. Louis: C. V. Mosby Company, 
1935. 


This is an admirable book. As Shelling states in the preface, the parathyroids 
recently have attracted a great deal of general interest. The physiologists, chem- 
ists, pathologists and even the clinicians have made definite contributions to the 
knowledge of the parathyroids, all within a few years. The aim of this mono- 
graph is to bring together all this knowledge in a manner that both the investi- 
gator and the clinician will find palatable. 

The book is well planned. First there is an excellent chapter on history; then 
come three chapters dealing with the anatomy, pathology and physiology of the 
parathyroids. These are followed by a section dealing with the parathyroid hor- 
mone and finally by chapters on hypoparathyroidism, hyperparathyroidism, the 
relation of the parathyroids to other glands of internal secretion and the clinical 
use and misuse of parathyroid hormone and of parathyroidectomy. Each chapter 
is accompanied by a good list of references to the subject under consideration. 
As an appendix are detailed typical diets low in calcium and phosphorus that have 
been utilized by clinical investigators who have studied calcium and phosphorus 
metabolism. 

On the whole, this is a useful reference book. It appears to fulfil adequately 
the purpose for which it was written. It will prove valuable to any one in the 
least interested in the parathyroid glands. The author deserves great praise for 
assembling and correlating in such a scholarly and interesting fashion so wide a 
range of material. 


The Harvey Lectures. Delivered Under the Auspices of the Harvey 
Society of New York, 1933-1934. Series 29. Price, $4. Pp. 262. 
Baltimore: Williams & Wilkins Company, 1935. 


This volume of the Harvey Society of New York begins with the obituary 
account, from the minutes of the society, of the life and work of its president, 
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Dr. Alfred Fabian Hess. Dr. Hess died while holding this office. The volume 
contains the following Harvey lectures: ‘ 

“Typhus and Rocky Mountain Spotted Fever in the United States,” by Dr, 
R. E. Dyer, Surgeon, National Institute of Health. 

“The Potential Energies of Oxidation-Reduction Systems and Their Biochemical 
Significance,” by Dr. W. Mansfield Clark, Professor of Physiological Chemistry, 
Johns Hopkins School of Medicine. E 

“Heteroplastic Grafting in Embryology,” by Dr. Ross G. Harrison, Sterling 
Professor of Biology, Yale University. 

“The Estrogenic Substances,” by Dr. E. A. Doisy, Professor of Biological 
Chemistry, St. Louis University School of Medicine. 

“The Clinical Application of Some Recent Knowledge of the Biliary Tract and 
of the Pancreas,” by Dr. Evarts A. Graham, Professor of Surgery, Washington 
University School of Medicine, St. Louis. 

“The Significance of Morbid Processes in the Fetus,” by Dr. George L. Streeter, 
Director, Department of Embryology, Carnegie Institution of Washington, 
Baltimore. 

“Filtrable Viruses with Particular Reference to Psittacosis,” by Dr. Thomas M. 
Rivers, Member of the Rockefeller Institute, New York. 

“The Nervous Mechanism of Cardio-Vascular Control,” by Dr. Detlev W. 
Bronk, Johnson Professor of Biophysics, University of Pennsylvania. 


The Autonomic Diseases or the Rheumatic Syndrome. By T. M. Rivers, 
M.D. Price, $3. Pp. 299. Philadelphia: Dorrance & Company, Inc., 1934, 


Rivers attempts unsuccessfully to show how rheumatic fever, rheumatoid 
arthritis, osteo-arthritis, fibrositis, hypotension, hypertension, the common cold, 
hay fever, bronchial asthma, pyloric stenosis, catarrhal gastritis, gastric ulcer, 
gastric carcinoma, dysuria, enuresis, dysmenorrhea, menorrhagia, erythema, 
urticaria, glaucoma and other diseases and syndromes are closely related to dys- 
functions of the autonomic nervous system and are all of a rheumatic syndrome. 
He vaguely refers to amines as the exciting agents. He cites his own laboratory 
and clinical observations, drawing conclusions to support his idea. There is no 
discussion of any detail in the book in regard to the methods and apparatus 
employed, conditions existing at the time of the studies or any factors that should 
be made known to the reader. He states, however, that his laboratory is insuff- 
ciently equipped for thorough and proper experimental studies. At the same time, 
he speaks of the “modern laboratories” with abhorrence and admits unacquaintance 
with them, so that one is led to think that, though such a laboratory might be 
proper for careful study, he would be incapable of its use. 

The book fails to reveal anything new and contains many ungrounded theories 
falsely presented as facts, many of which may be accepted by the noncritical reader 
as true. There can be no favorable criticisms made in regard to the book. 


Accidents chimiothérapiques par hypersensibilité. By Jean Gaté, Henri 
Thiers and Pierre Cuilleret. Price, 30 francs. Pp. 208. Lyon: Librairie 
Scientifique Camugli, 1934. 


The authors have summarized in this monograph the subject of chemotherapeutic 
accidents due to hypersensibility. The preface is written by Paul Ravant, who 
praises the authors highly. They have published in French journals many obser- 
vations which are included in this volume. The presentation of the subject matter 
is divided into four main parts: (1) the pathogenesis of medicinal accidents; 
(2) medicinal hypersensibility ; (3) one hundred and seven observations of medicinal 
accidents and (4) a discussion of experimental results. From the titles listed one 
may observe the manner in which the material is presented, as well as what is 
included. 
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The authors do not bring out many new facts or ideas, but present the subject 
in a systematized manner so that the material is well correlated. Theories and 
hypotheses of other observers on the subject are discussed and criticized. The 
monograph is worthy of reading and study. 


The Management of Colitis. By J. Arnold Bargen. Edited by Morris Fishbein. 
Price, $3. Pp. 235, with 94 illustrations. New York: National Medical 
Book Company, Inc., 1935. 


The modern method of dealing with narrow subjects in monographic form 
undoubtedly fills a real need. Unfortunately, however, under present economic con- 
ditions such books seem to have so small a sale that except as a labor of love 
on the part of the author there is some question as to whether they serve much 
practical purpose. The present small volume deals in an interesting and authorita- 
tive way with the various types of colitis. Dr. Bargen naturally emphasizes his 
own work, with which some are not entirely in accord. However, an immense 
amount of useful material founded on wide experience is assembled here. 


Practical Neurological Diagnosis. By R. Glen Spurling. Price, $4. Pp. 233, 
with 99 illustrations. Springfield, Ill: Charles C. Thomas, Publisher, 1935. 


Nothing except in praise can be said of this admirable compendium. Here in 
concise form, well illustrated by cuts and diagrams, are set forth the materials for 
neurologic diagnoses. The collection of the data, the manner of interpreting them 
so as to localize the lesion and facts bearing on the probable nature of the lesion ' 
are briefly outlined. Spurling has succeeded in setting forth clearly and simply 
material which in most textbooks is presented in an obscure and cumbersome 
manner. 


Maladies de l’intestin. By R. Bensaude. Série III. Price, 60 francs. Pp. 370, 
with 127 illustrations. Paris: Masson & Cie, 1935. 


This volume, which is part of a series, deals systematically with certain rectal 
diseases—cancer, lymphosarcoma, polyps and rare tumors. The discussion is 
excellent and up to date, but there is nothing strikingly original which would 
commend the book especially to English readers. Detailed reports of cases and 
excellent illustrations are features. 


Verhandlungen der deutschen Gesellschaft fiir Kreislaufforschung. VII. 
Tagung, gehalten zu Bad Kissingen am 16 und 17 April, 1934. Herausgeben 
von Prof. Dr, Eb. Koch, Bad Nauheim. Paper. Price, 15 marks. Pp. 326, 
with 65 illustrations and 8 colored plates. Dresden: Theodor Steinkopff, 1934. 


This is a collection of forty papers presented before the society at its annual 
meeting. Again all phases of cardiovascular disease are freely discussed, and 
much experimental work is reported. As the work on the carotid sinus dominated 
the meeting in the preceding year, so does a consideration of thrombosis and 
embolism occupy the forefront this year. Seventeen of the forty papers have to 
do with thrombosis or embolism or both. 


Experimental Physiology; with Anatomical and Mechanical Illustrations 
and an Appendix of Technical Data. By Maurice B. Visscher and Paul 
W. Smith. Price, $3.25. Pp. 191, with 75 illustrations. Philadelphia: Lea & 
Febiger, 1935. 


This laboratory manual for students of elementary physiology offers a good 
collection of detailed outlines for the performance of the classic experiments in 
physiology. The illustrations for the most part are diagrammatic and excellent, 
with the exception of a few photographs of impressive apparatus and of dissections 
which fail to illustrate. The book appears to add unnecessarily to the cost of 
medical education in that the printing and binding are better than are necessary in 
a laboratory guide. 
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Laboratory Diagnosis. By Edwin E. Osgood. Second edition. Price, $6, 
Pp. 585, with 27 figures and 10 plates. Philadelphia: P..Blakiston’s Son & 
Co., 1935. 


This second edition of Osgood’s book on clinical diagnosis seems to the reviewer 
an extremely satisfactory presentation of the subject. The newer points of view, 
particularly in regard to the blood, are well assimilated, and throughout the book 
one finds little with which one could differ. The arrangement of the material in 
theoretical and practical divisions is convenient, and the thorough index will be of 
assistance to students. The illustrations are many and well prepared. 


